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‘‘ On the Combining Properties of Serniu-( Vnnplenieiits and on 
(-omplenientoids.” By IIohkrt Mi id, M.D., Professor of 
Pathology, IJiiivorsit}" <if Glasgow, and (biKD H. Hkown/NO, 
M.B., Jose])h Coats Research Scholar, University <d‘ 

Glasgow. Communicated by Sir J, S. P)UIU)()N-Sani)KI{SON, 
Bart., F.R.S. Uecteivcd May 17,— Ihnid June 9, J 904. 

The combining properties of soruui-eomplciuent have been studied in 
two chief relationships. In the first place, its conilanation with red 
corpuscles or bacteria, through the modiuiu of the appropriate immune- 
body, has been investigated to a certain extent, and facts of considcu’- 
able importance have been obtained. Taking the case of lunmolytic 
sera, we may for the present put aside the cpiestion whether the 
immune-body acts as a link (amboceptor) between the nioloculo of the 
red corpuscle and complement (Ehrlich^s view), or whether complement 
enters into direct combination with the molecules of the red corpuscles 
through the influence of the immune-body. If we reprosenb the com¬ 
bining molecules or receptors of the red corpuscles l>y K, and the 
immune-body Ity IB, it is sufficient for our present purpose to recognise 
that C combines with R-j-lB. In the second place, complement enters 
into combination with the anti-complement developed in the serum of 
an animal of difleront species by injecfcior» of complement into that 
animal; wo may thus speak of the combination of C with unti-C. It 
may bo recalled that Ehrlich regards complement as consisting of two 
chief atom groups, viz., a haptophore or combining group, and a 
xytnotoxic, by which it produces its characteristic effect. He also 
concludes, as the result of an ingenious series of experiments'*^ in 
conjunction with Morgenroth, that the anti-comploment fills up the 
haptophore group of complement, and thus prevents combination with 
red corpuscles united to immune-body, t.^., with E-f-IB molecules. 

* Khrlioh and Morgearoth, Berlin, ‘Kliu. Woch.,’ IDOO, No. 8i. 
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Prof. K. Muir and Mv. C. H. Bvowning. {May 17, 

A particular anti* * * § complomont has, as a rule, the greatest neutralising 
effect on the complement used for its production, though it may have 
an action also on the complements of some other animals, whilst on 
others still it has little or no effect. This would point to a difference 
in the haptophore groups of the several complements. Yet these may 
be effective in hiemolysis, they may combine with the K + IB 
molecules, and Iberefore the haptophore groups of iliose different 
complements v^ould appear to be tlie same. This a))parent contra¬ 
diction has been discussod by Bordet* and by Ehrlich and Morgenroth,t 
and the latter observers suggest that there may l>e more than one 
iuimtuie-body, one comllining with the complement of animal A and 
another combining that of animal B. It seemed to ns that this and 
other questions might bti investigat/cd by the method devised by one of 
us,} l*y means of which the amount of complemejit taken up by the 
R+IB molecules can be estimated. We can thus determine whether 
these molecules saturated for the complement of one species are also 
saturated for that of another species. The present paper falls into two 
chief parts, the first dealing with the combining affinities of complement 
for autHJomplomenl and for K-f IB molecules respectively, the «ec*ond 
dealing with coniplemeritoids. 

The niethods used of estimating the value of imnume-body and of 
complement are those of Ehrlich and V. Dungern, as explained in a 
previous paper, We shall use the following abbreviatioria:—0 «« 
complement, anti-C anti-complement, IB immune body, R =*= the 
receptors of the red corpuscles which combine with immune-body, 
M.H.D. minimum hamiolytic dose. When wo are speiiking of 
<lofios, a numeral is placed before the symbol, thus, 3IB will mean three 
times the amount of immune-body necessiiry for hsemolysis in presence 
of excess of complement, and 3R + 3IB will signify three doses of IB, 
combined with the corresponding number of receptors of the rod cor¬ 
puscles ; R + IB 4- C will, of course, indicate a condition leading to com* 
pleto hssmolysis. 

1.— On the Combining {Hapioplm e) Ormp of Complernmt 

(a) On tJie Fmrmesff of the Oornbinaiiems of OmnplemenL —In the first 
place we may consider the relative stability of the combination 
C 4 R 4TB^ on the one hand and the combinatioii C 4 anti-C on the other 
hand. It has been shown by one of us in a previous commuiiicatioo that 
in the particular instance studioc^ there is no evidence that C after 

• Bordet, * AniaiieB dc rinst. P«witwar,* 1901, p. 803. 

t JShrlich and Mopgenroth, op. oit. 

J * The I^anoet/ 1908,vol. 2, p. 446. 

§ It muat be not^d ihtii the requite obtained apply ouly to the pertieuUr eOsidif 
tioiw inveetigatad, and must be interpreted in that light. 
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combkiation with K -h IB can ho clksociatecl, but it will he well to give 
a detailed experiment in illustration. The red corpuscles of the ox 
saturated with the corresponding IB obtained from the rabbit can take 
up about 8—9 hajinolytic doses of guinea-pig’s C, and if we make the 
suspension of rod corpuscles four times the usual strength, 20 x>er 
cent., then 1 c.c. of such a suspension will take up more than 30 doses 
of C. Wo can then test whether any of the C is recoverable. The 
following are the details:— 

1. 1 c.c. of a 20’per-oenf:. suspension of ox's corpuscles in salt solution is placed 
Tii a test-tube, and there are added (a) more thun «u(Beient IB to saturate the 
corpuscles, (h) 1 e.c, of guinoa-pi^’s 0 (tlie M.HM), is 0*055 c.c.), so that nearly 
twenty doses are added. 

2. The tube is plnced in the incubator for 2 hours at 37" C'., tl:e contents being 
well shaken from time to time. 

8. At the end of 2 hours 0*5 c.c. of a 5'pcr*ccut. Huspeusion of ox corpuscles, 
treated with IB, is edded (the hwnnol vt ic dose of O for t hin is, of course, 0 027 c.c.); 
the tube is placed in the incubator for mutther hour. 

4, Xho cont/rnfcs of the tube are then centrifuj^aUsed, uml the cor))UHcles are 
washed with salt solution to remove the rod fluid. I'lie corpuscles arc tlicn Inked 
with water, and comjmrod with 0'5 c.c. suspension of red corpuscles similarly 
treated. 


The result is tliat no perceptible luemolyKtH of the ailded corpiisclos 
has taken place. By the method employed the Inemolysis of less than 
a fifth of the corpuscles is readily detected, /.r,, if O’OOo c.c. of C were 
recoverable, this would be shown by the roisulting liiemolysis. Such 
an experiment, therefore, shows («) that practically complete com- 
bina.tion of the added complement takes place, and (h) that of the 
combined complement not 1 per cent, can be di.ssc>ciatcd. 

When the saturation point has been reached, Lr,^ when C is first 
obtainable, any C then added remains free to a large extent. In a 
former paper it was stated that, as a rule, a single dose of C added 
temains free, but further experiments show that this is rather the 
exception. It aomodmes occurs, but usually after the saturation poir»t 
more thtvn one dose of C requires to bo added to give one dose free. 
Oonsiderablo variations occur in this respect, and wo are unal)lc to 
them, though possibly the presence of a certain proportion of 
complemcntoid mixed with the complement may he the cause. This, 
however, does not affect the statement regarding the firmness of the 
imion bf C with R 4 - IB after combination has taken place. 

WTien we come to the combination of 0 with anti-C, we find that 
quite another condition obtains. Hero we have an exaggerated 
iheti^oe of what Ehrlich found in the case of a toxin and anti-toxin, 
that when a neutral mixture of those substances is made, and 
time is allowed for combination, the addition of several lethal doses of 
inay be necessary before a lethal dose remains free. The 
; may he taken as examples:— 


B 2 
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1. C of guinea>pi^{ •• 0*03 c,o, 

Anii-0 to guinea-pig’s C obtained by injecting a rabbit >vith guinea-pig’s serum. 

To each of a series of tubes containing 0*5 c.c. salt solution 0*1 e.c. anti-C is added, 
and to the several tubes 0*08, 0 04, 0*5 o.c., etc., of guinea-pig's 0 is added. The 
tubes are placed in the incubator at 37'’ 0. for an hour. 

The amount of C obtainable in each tube is tested by adding to each 1 c.c. 
suspension of red corpuscles, treated with IB, and incubating for an hour, the 
tubes being afterwards pla(^t»d in a cool chamber for 10 hours. 

It i3 found that in the tube containing 0*03 c.c. C a mere trace of 
lyeU has occurred, in the tube 0*04 c.c. C half the corpuscles have 
imdergorie solution, hut it is not till the tube containing 0*12 c.c, C is 
reached that complete hfemolysia of the corpuscles has occurred. In 
other words, if we take the tube where C is first obtainable from the 
mixture of C and anti-C, three additional doses of C must be added 
before a full haimolytie dose is obUiinable, 

2. In this case 0*06 c.c. anti-C is used, and the M.ILB. of C is 0*05 c.c. The 
procedure is the same as bofore. The result is that eren from the tube containing 
0*03 c.c. of 0 a trace of 0 is obtainable, but a full hsemolytie dose is got first in the 
tube containing 0*1 o.c. of 0, t.c., one-and-o-half haDroolytic doses must be adde^ ere 
one remains free. (It is to be noted that here the amount* of anti-C is only half of 
what it was in the previous case) 

Such restilts, which agree 'with those of Bordet, clearly show 
that with a mixture of C and anti-C there is no sharp line of 
neutralisation. On the contrary, even with mlatmhj small amounts 
of C and anti-C, if wo determine the point at which C is first 
obtainable, then sevei*al doses of C must be added before a full 
dose is obtainable. We have avoided using the term “free C*' 
with reference to the C which is obtainable from such mixtures, 
because we bofieve that part of the C is got by dissociation. Of 
this there is distinct evidence. In every case where red corpusoles 
treated with IB are added to a mixture of C and anti-C, and complete 
lysis has not occurred, it is found that after the corpuscles have been 
allowed to settle, a zone of ditiusion of heemoglobin is seen above the 
sedimented corpuscles. This is evidently to be explained on the 
supposition that in such a tube there is, in addition to the combined G, 
a minute trace of free C, This latter combines with the red corpuscles, 
atid according to the law regarding substances loosely combined, a 
small quantity of C is dissociated from the combination C + anj^C tp 
take its place. This process is repeated during the sodimeiftatipn 
of the red corpuscles, and the result is an additional amount 
solution of hsemoglobin. Such a phenomenon is not seen in ordfhs^ 
test-tube experiments, where there is incomplete lysis with a xni^t^o 
merely of C and IB. It follows from what we have said 
oonaider it to be impossible to determine by such methods the loctot 
point 9^ which C remains free in a mixture and antW?; wt ^ 
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<^nly detomine bow much C is obtainable, aud this amount will be 
in excess of the free C, because part of it is got by dissociation. 

As is well known, Ehrlich explained the analogous phenomenon in the 
case of diphtheria toxin and anti-toxin by supposing that in the ‘‘ toxin ” 
there is a mixture of toxin in the proj>or sojise and degenerated toxin or 
toxoid, the latter having little toxic action and also, as a rule, a feebler 
combining affinity, Bordet,on the other hand, explains the phonomonon 
in the case of complement and anti-complement by the liypothesis that 
an aiitbcomplement molecule has no fixed combiruiig relationship, but 
may l>ecome united to one, two, three, etc., coinplement molecules, so 
that we have AG\ AG-, AC*’ combinations. Madsen, Dreyer, and 
Arrhenius,! from a numl»er of very important rosoarches on tetanolysiu 
and diphtheria toxin, come to the conclnsion that the imion of toxin 
and anti-toxin follows the chemical law of (4nklberg and Waage for 
substtinces whose combining affinity is somewhat feeble. In other 
words, the combination belongs to the category of reversible actions, 
the amount of the two substances in combination having always a 
definite relationship to the amount of each of the two substances fiee. 
We have not worked out with sufficient fullness the behaviour of C 
and anti-C to make a definite statement on this point; we may, 
however, state that tlio results whi(‘h we have got present a ch)se 
analogy to those of the Danish observers. It should bo noted, 
however, that the nature of the union of toxin or complement with its 
anti-substance is one matter, the question us to the existcjieo of toxoids 
and complementoids is another, 

{b) (hi, ike Specific JfiniUes of the Ihiptophore Ormip. —There is 
another way in which the comlnnations of G with anti-G and K IB 
molecules respectively may be compared, namely, as regards specific 
affinitieB. 

1 . Using the anti-C to guinea-pig’s C o])taiued from the rabbit, 
we find in confirmation of Ehrlich and Morgenroth that this anti-C 
has some effect on rabbit’s C, though it is very slight. In a given 
case, for example, we found that the addition of 0*1 c.c. anti-C to the 
M.H.D. of rabbit’s G scarcely dimirnshes the ainmuit of lysis which 
follows when the test amoimt of red corpuscles treated with IB is 
added ; there is merely a slight deposit in the tube as compared with 
th0 e9ntrol, and 0*6 of a M.H.D. of C has to be added before this 
dilfapimarB, 1*6 M.H.D. treated with 0*1 c.o. imti-C produces quite 
heemolysis. With guinea-pig’s complement 0*1 c.c. anti-C 
iritSi a little more than the M.H.D. of C prevents lysis almost com- 
and three additional doses of C must l)e added to the mixture 
complete lysis occurs when the test is made in the same way 

■ Atttules de Vlmt Piwtevr/ voi. 17, X90B, p. 161. 

Indvielsen af Statena Serum lufttitut/ Copenhagen, ia02 j 
* Cwjtralhl. f. Bakteriob,* vol. 34, p. 630. 
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(vttfe 8ttp^a)f i.e,t 4M.H.D. treated with 0*1 c.<;. antl-C produced lyeiav 
The anti-C hae thus a marked effect on giiinea-pig'S C as compared 
with that on rabbit*fl C. One would conclude that while some of the 
molectdes in the rabhit^s C and in the guinea-pig's C have the «aine 
combining affinity, moat of the molecules in the rabbit's C do not 
combine with the anti-C, have a different haptophore gi*oup from 
that of the molecules of guinea-pig's complement 

2 . How do the comploments behave towards the same 11 +IB 
molecules ? As is well known, ox's corpuscles, treated with IB from' 
the rabbit, are lysed on the addition either of guinea-pig's C or of 
rabbit's C- This would point to the haptophore groups of the two 
compierneuts being the same. Ehrlich and Morgenroth have supposed 
in the corresponding case of the IB to raldnt's corpuscles obtained 
from the guinea-pig, that there arc really two IB's presimt, one of 
which combines with the rabbit's complement and one with the 
giiinea-pig’s, and point out in favour of this view that when rabbit's 
C is used, the M.H.D. of IB is about ten times greater than when 
guinea-pig's C is used. We have accordingly investigated the case 
of the immune-body obtained by injecting the rabbit with ole's 
corpuscles. As both rabbit's and guinea-pig's complements are taken 
up by ox's corpuscles combined with immtuie-body, the question comes 
tfj be whether both complements combine with the same molecules. 
Does the combination of guinea-pig's complement prevent the combina¬ 
tion of rabbit's complement and vic(» vm^ndl We have oohdu<^ a 
large number of experiments of this nattire, and the result has always 
been to give an answer in the affirmative. The experiments are on 
the same lines as those already described. Suppose we wish to liOBt 
how much guinea-pig's complement is kept from combination by file 
previous combination of a given amount of rabbit’s complement, To> 
one series (A) of tubes, each containing the tost amount of corpuscles 
combined with the same amount of IB (generally 3—4 D), we add 
increasing amounts of guinea-pig's complement and teat how much 
the treated corpuscles vdll take up. In another series (B) of similar 
tubes, we add a given amount of rabbit's C, allow combination to take 
place for an hour at 37“* C., and then test as before how much guinea- 
pig's C will be taken up. (It is convenient in such experiments to 
produce lysis first of all in all the tubes, in a case such as the pi^elit 
by guinea-pig's C, The amoimt of C used, of course, is added to the 
final lesult.) The excess in the amount of guuiea-pig's 0 tfitet 
in series A over that taken up in series B gives the amount which ' 
been kept out by the amount of rabbit's C used. The following 
be cited as examples 

J. He.8. gaJnea-pig'BO OO0c.e.| ofraWt'tb 

About 81) of IB adUeU to iiaoh of two senoi of tu^ 



PftipeHm of f' 

A; 0uiii<**.pig*e C ft loud adcletf. Anjount t«l«Jn up « 0*24 c.c. 

SeiAoJi B, 0^2(5 o.c. rabbit*0 first, and then guiuea-pig’s 0, Amount of guiuoft' 
pig*» C Uvicftu up 0*19 e.r. 

Thisrofore, 0*25 o.ft. o! mbbJt’s 0 has kopt from coruhinatiou about 0*05 r.o, 
guinea-pig*# C. 

2. jN*o, 24. M.H.T). of guinea-pig’s 0 =» 0*04 o.c.; M.H.D.of rabbit’s C « 0*3 o.^:. 
About 3f) of IB iulded to oach tube as bi^fore. 

Series A, Babbit’s 0 alone added; ernouut taken up 1*85 c,o. 

Series B. 0*04 o.c. of guinea-pig’s C first, and then rabbit’s C. Amount of 
rabbit’s C ta^ieu up «« O O o.c. 

Xhetirfore, O'OI- e.c. of guinea-pig’s C has kept out 0*45 rabbit’s 0. 

8. No. 81. M.ll.Th of gxunea-pig’s C =>^'0*0176 o.c.; M.H.D. of rabbit’s C 
0*1 C.O., All) of IB added to eacli lu))e. 

Series A. Guinoa-pig's 0 alone added. Amount taken up 0*11 o.c. 

Series B. 0*1 e.c. of rabbit’s 0 first, and then guinea-pig’s 0. Amount of 
guinea-pig’s 0 taken up 0*09 o.c. 

Therefojv^, 0*1 c.c. rabbit’s C ]ias kept out 0*02 c.c. guinea-pig’s C. 

Another method is to determine whether K-klB inolecnles saturated, 
say, for rabbit^s complement are also saturated for guinea-pig^s comple¬ 
ment. To one series (A) of tubes, each containing the same amount of rod 
corpufioles and the same amount of IB, complement of rabbit is a<lded 
in increasing atuouuta, htkI the tubes are placed in the incubator for 
2 hours at 37" 0. The sftme procedure is carried out in another 
series (B), but at the end of the 2 hours a haemolytic dose of guinea-pig’s 
C is added to each tube. The tul>es of both series are placed in the 
incubator for another hour, and the presence oi free C is tested for 
in the usual way. It is evident that the first series will give the 
point of gatui’ation with rabbit’s G, and the corresponding tube in 
the second series will show whether such a tube can still take up 
gumea-pig’s complement. As an example, in one experiment it is 
found that in series A the tube ivith 0‘2 c.c. rabbit’s C added gives 
a fifth of a haemolytic dose of free C, whilst in series B the tube 
oontaining 0'2 c.c. rabbit’s C gives a full hajmolytio dose of free C. 
Thus it is shown that the tube saturated with rabbit’s C took up not 
more than a fifth-of a dose of guinea-pig’s C. (A separate estimation 
carried out at the same time gave 0*14 c.c. as the amount of guinea- 
jfigV C taken up by the same amount of red corpuscles treated with 
t&y It will t)e shown below that a corresponding result is obtained 
by soturatiori with compiementoids. 

We have, therefore, shown tljrat in the cose studied practically all 
tto molecules of the goinea-pig^s complement combine with the same 

4^ IB molecules of the ox as the molecules of the rabbit’s comple- 
pombine with. 

intez'esting point which presents itself is whether the 
value of a complement corresponds with the combining 
haamolytic dose of normal rabbit’s serunt in the case 
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fetudied is always several times that of guiaea-pigV oomplement. Hifei 
nmy be because there are fewer complement molecules in a given 
amount of rabbit's serum or because the zymotoxic group of the 
rabbit's complement is less active than that of the giunea-pig's 
complement. In the former case a hfemolytic dose of rabbit's comple¬ 
ment will prevent the combination of a haemolytic dose of guinea-pig's 
complement; in the latter it will prevent the combination of more. 
Our experiments are not aufilciently extensive to give a definite state¬ 
ment on this point, especially in view of the fact that during the pro¬ 
gress of an experiment the hinmolytic action of complement may 
diminish, and this change in the value does not always occur in 
the two complements in the same proportion. We may say, however, 
that we have obtained in several instances a correspondence between 
the combining and the hfemolytic ratio, a htnmolytic dose of guinea- 
pig's complement kee])s out a dose of rabbit's, and vice versd. We 
are inclined to think that this may l )0 the rule in the case l>efore us, 
and that probably the divergences in these ratios which we have also 
met with are the result of accidental disturbing catises. We do not 
consider this point iis satisfactorily settled. It is to be noted that the 
M.H.D. of the IB is practically the same, with the two complements 
used, provided that the natural IB of the guinea-pig s serum for the 
ox's corpuscles be first removiKl. In other cases recently investigated 
by us whore this does not hold, a distinct difference between com¬ 
bining relationships and hiemolytic action has been brought out. 

Voiickisum, 

It is seen (1) that the firmness of combination is much greater in the 
case of C with K-f IB molecules than of G with anti-C, and (2) that 
differences in the combining affinities of the C's of two animals brought 
out when tested with aiiti-C may not obtain when tested with R-hlB. 
The latter result involves an apparent contradiction, but is probably 
to be explained by the energy of combination in the two cases. It is ' 
quite intelligible that differences shown to exist where the chemical 
union is of a loose nature may not be detectable when the combining 
affinity is strong. The relation of a toxin or complemeixt to its 
corresponding anti-flul)stance is often compared to that of a key to a 
lock, but the above results show that this is not accurate, as the com* 
jparison would involve that two different keys can be forced into 
same lock. Complements which may be shown by their behaviotur to 
auti-complemeuts to he different, may still act as if they were 
in the processes of hsemolysis and, probably, of bacteriolysist 

IL— 0% Gmnj^mmiokk Cotnbi^im, 

Shrlich has pointed out the analogy which exists 
masts and toxins of varibiis kinds. Jjooked at 



of th^ Tod oc^pusde or Iwcfcerium, the complonient is the toxie agent 
which leads to ite partial or complete destruction, the auxiliary action ol 
the immune-body l>oiug, however, nooessary. From hi« study of changes 
which occur in toxins and thoir neutralisation by anti-toxin, he came 
to the oonclusion that the toxophore group might tindorgo degene¬ 
ration while the haptophore group sur\dved, though its combining 
energy might be weakened. To such an altered toxin he gave the 
name toxoid. The results of hmmoiytic studies led him to the con¬ 
clusion that a similar change might occur in complements, the result 
being complernentoids. The chief evidence for the existence of com- 
plementoids is the following .•— 

In most crises when normal sera are heated to SS*" C. for an hour, the 
characteristic action (htemolysis, bacteriolysis) of complement is lost, 
but such a serum when injected into an animal of difterorit species has 
the faculty df leading to the formation of anti-eomplcniont. Hence, 
apparently the xymotoxic group of the complement has been destroyed, 
while the haptophore remains. Again, Ehrlich and Hachs* showed in 
the case of the hremolytic action which the dog^s serum tiormally 
possesses towards the guinea-pig’s corpuscles, that the combining group 
of the R-f IB molecules might be filled up hy complementoid, and thus 
the action of complement, ie., hreinolysis, might be prevented. In 
most instances, however, this is not the case, and wo mtist conclude 
either that complemeutoid does not usually comlune with R-f-IB, 
ur that if it does, it can bo displaced by complement. So fur as we 
know, the existence of complernentoids in sucli heated sera has not 
been shown by test-tube experiments, though the production of anti- 
co^plemeuts by them is strong presumptive evidence in favour of their 
existence. We accordingly bring forward the following methods which 
prove their existence;— 
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We have demonstrated the existence of corapiemeiitoids by two 
wt^ods, vis.: (1) by showing that they combine with R-t-IB 
after lysis, and thus prevent a certain amount of C from 
M^tahon up; (2) by showing that they combine with anti-C, and 
thus diminish the amount of C which can lie neutralised by a given 
of anti-C. We may state that the complomeut to be tested has 
na^Uy been heated for hours at 57'" C., and in evoiy case a test 
vr|^ show that it was devoid of h«emolytic power. 

4 b was shown by Ehrlich and Morgeuroth, the addition of Cd 
cor|^ treated with IB does not prevent the combination of 
1 the occurrence of lysis. We may represent this as follows, the 
a red corpuscle:— 
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Roault w: lysis. 


The vertical dotted litie indicates a pniod of incuhatkm for 1 hmiVy 
unless when otherwise stated. 

After lysis has occurred, however, Cd can combine with the K -f IB 
molecules. It has been showTi that a large amount of C can be taken 
up through the medium of multiple doses of IB, and that the comhina" 
tion of C is a firm one. Thus:— 


2 hrs. 


04{“+4C 



Result no lysis in added 
corpuscles, ^ 


If, however, we add in the same case 3Cd after lysis by 1C, but 
before the a<ldition of the other t3C, the result is different, thus :— 


2 hrs. 


0‘{lB + C i 

+ 3Cd 

+ 30 

+o{ 

Lysis ; 





Jiesult «= lysis in 
added corpiweles. 


In other words, the Cd molecules have united with the R + IB 
molecules after lysis, and have prevented the added C from being 
taken up; this is shown by the test corpuscles undergoing lysis by 
means of the free 0. 

To avoid repetition, wo may here state that the stages of all sucb 
experiments are the following:— 

1, To each of a eerias of tub^ia containing th« standard amount of corpuaelas, a 
certain amount of IB is add<?d, usually throe to four hecmolytio do«e<>. 

2. To each tube in added a little more than the haemolytic dose of oomplctnent^ 
find a certain amount of complehiontoid (heated serum). The tubes ora plobed in 
the iucubatror for an hour at C, Hoamolysis, of oourae, occurs, and thne i* 
allowed for the Cd to combine with the R + IB nioleoules. 

a. To tlio several tubes in series complement is then added in inereoainf amount, 
lExperienoe shows how much 0 is likely to be token up, and the last tubes should} 
*<>f course, contain more than tins. The tubes are incubated at 37° C. for 2 hoMrs. 

; 4, To tube is added the standard amount of red corpuscle, trotted 

previously with 8D of IB, and the tubes are placed in the inoubdfcbr for 
hour. Homolysis will, of course, take place in the added oorpusdes aceordiiug tb 
the smotint of tmeombined C present in each tube. The tubett are then phsostd hi 
« eeol ehombar till next morning; the red fluid in each tube is pipetted off,and thfr, 
amount of sedimented eoTpuselea left is estimated as above described. 

In a eontitol set of tubes eomploment only is added, and ^ thus ascertain hertr 
mudh C is tftlken up whan no Od is present. It is then so^ how mmh OlM hmd 
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C4>mbming with the K + IB molecules by means of a. given amount 

of Od. 

(2) Complomentoid combines with anti-complement, and prevents 
the union of tlm latter with complement. 

If the Ovdimiry action of anti-complement is shown thus, 


Anti-C + C 



Kesult «= no lysis, 


then we may represent the effect of Cd by the following scheme- 


Anti-C 4- Cd 


Eesult partial lysis. 


The following are the details of such an experinient:— 

Two series (A and B), of nine tubes, each containing 0*5 c.c, salt 
solution. 

0 of guinea-pig M.H.D. ^ 0*03 c.c., Cd the same serum heated. 
Anti-C is the Herum (heated at 57'’ C.) of a rabbit injected with 
guinea-pig’s serum. 

Series A. Each tul>e receives 0*1 c.c. anthC and 0*1 c.c. Cd. 

Series B. To each tube, 0*1 c.c. anti-C alone is added. 

All the tubes are placed in the incubator for an hour at 37“ C. 

To the several tubes of both series alike are then atlded increasing 
amounts of 0, viz., 0*03, 0*04, 0*05 c.c., etc. Incubation for another 
houi% To each tube the standard amount of red corpuscles treated with 
IB is then added, and the tubes are incubated for another hour. 

The results are shown in the following table :— 



h 

2, j 8. 

4. 5. 

0. 

7. 

8. 

0. 

10. 

Aemeat «>f C 

Series A-- 

iu Mded oor- 
phMw .j 

0*03 

; 

0'04i0‘06 

i 

! 

0-0610 08 

1 

1 

; V_... 

0 1 

0*12 

i 

ou 

0*16 

0 18 

0*78 

0'88 0-9 

Almost oomplote 

Complete 




0*1 

0-56 O'B'i 

■ 

0-7 0-77 

0‘80 

0*88 

Almost 

eomplete 

Com- 

pleto 


Wbe effect of Cd in preventing the combination of C is thus seen 
if we t4ke the first tube, it is seen that the previous 
of O'! c.c. Cd has kept out sufficient C to produce lysis of 
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On the Amount of Comphmentoul dtmved from Compkment 

We have seen that the evidence for the existence of eomplementoid 
is supplied by its preventing complement from combining with certain 
molecules (K + IB and anti-C respectively). The amount of coinple- 
mentoid present may bo measured by the amount of complement which 
is thus kept out of combination, 'rhus, if each molecule of com¬ 
plement gives rise to one molecule of eomplementoid, then O'l c.c. of 
heated serum (Cd) should prevetit the combination of the complement 
in 0*1 c.e. of the same serum unheated, provided, however, that the 
complement cannot displace the ctmiplenmntoid after it has combined. 
Suppose we wish to estimate how much complement will be kept out 
by a given amount of coinplemeiitoid, we proceed as follows. Two 
series of tubes (A and B) arc taken, and to each tube is added the 
same amount of IB (say four doses); lysis is produced in all the tubes 
by a dose of C. To each tube in series A a given amount of Cd is 
added, and 1 hour at 37" C. is allowed for combination. We then add 
increasing amounts of C to the tubes i)i each series, and find, by the 
method deacril>efl above, how mueli C is tfiken up in the two series. 
The difference ))etween the amounts in the two series gives, of course, 
the amount of C which has been prevented from combining by the Cd 
used. We cati in the same way compare the amount of guinea-pig’s C, 
kept out by a given amount of rabbit’s C and Cd respectively, and the 
amount of rabi>it’s C kept out by guiuearpig’s C and Cd. Of coui*se, iu 
every experiment of this kind, the Cd is a heated portion of the same 
C as that used for coniparison. 

A considerable number of experiments of this kind have been per¬ 
formed both with rabbit’s and guineii-pig’s complementoids, and 
ditferenoos are found in the two cases. Tn five ex|[>eriment8 in which 
rabbit’s eomplementoid was tised, it was foutid that there was kept 
out of combination a quantity of complement, approximately equal to 
the amount of eomplementoid used. In the case of the guinea-pig’s 
complement, on the other hand, the amount of complement kept out 
was always distinctly less; on the average, 0*6 c.c. ^ C corresponded 
to 1 c.c. of eomplementoid. We may therefore say that a moleotile 
of rabbit’s C gives rise to a molecule of Cd, which has an affinity for 
the E -t- IB molecules after lysis, practically equal to that of C; whereas, 
with the guinea-pig, in the process of heating, either some of the C 
l>ecomeg entirely destroyed, or the Cd formed has a lower combining 
affinity, and some of it can bo displaced by C. 

On the lidative Firmness of Union of C and Cd respedmly id&i 
Jt ^ IB Molecides after Lpis* 

To determine this, we have compared in the usaal way the 

unaltered C which can be taken up, with the amoujtit of a 
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of C and pd in equal parts* If the C and Cd moloculea have the same 
combining power, it is erklont that the satoration of the E-fIB 
molecules will occur after the Edition of the same amounts in the two 
cases. After the saturation point hiis been reached, however, twice 
as much of the C 4- Cd mixture as of the undiluted C would have to be 
added before a free dose of C would be obtiiinod. As a matter of 
fact, this is pretty much what happens. 

The following may be taken as examples 

I. Two series of tubes, A and B, 31) of IB added to each tube, and 
lysis is produced in all by IT) of C 0*05 c.c. C is then added in 
increasing araoxuits. 

A. 



1. 

1 2 . 

a. 

4. 

6. 

6. 

7. 

Amount; of C added ia e.e... 

0-1 

0*16 

02 

0 -25 

0 a 

0 '35 

0*4 

Amount of 0 left over. 

Anioitnt of C aud Cd tuixed 

0 

1 

0 

B. 

1 


mu(!h 

iDf 

1D + 

10 4. 

in otjual partin.. 

0-1 

1 0*16 

0‘3 ; 

0 *25 

0*8 

1 0*35 

1 0-4 

Amount of C left over. 

! 0 

1 

1 

1 0 

fip«t ' 
trace 1 

1 

t ra<.'e 

more j ID — 

1 10 + 

i 


IL 51) of IB to each tube. M.H.I). of C - 0 03. 

A, 



i. 

2. 

3. 


5. 

5. 

7. 


0. 

Amount of C added in o.e. 

0-08 

0*12 

0*18 

0*2 

0-24 

0*28 

0*32 

0 *36 

0*4 

Amount of C left over in 










doees.. 

0 

0 

0-6SD 

10 + 

10 + 

ID. 

10 + 

IU + ;1D + 




B. 







Amount of mixture of i 



1 




1 



C and Cd, equal parts j 

i 


! 







added...... 

0*08 

0*12 

o*i»; 

0*2 

0-24 

0*28 

i 0 ‘82 j 

0-36 


AtADuUt of C leftover in 


1 

1 


1 





doses. 1 

0 

1 ■ 

0 

017Dj0«6D 


10 + 

10 + 

10 + 

- — 


from these examples that the points at which free C 
in the two. cases ((a), where pure C is used, and {h) where a 
of C and Cd in equal parts is used) approximately correspond 
r^ouly a little more of the mixture of C and Od has to be added before 
of the E + IB molecules occurs. It is also seen that, after 
point has been reached, fully twice as much of tho 
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xnixturO as of pure G has to l>o addod before a free doee of C is 
. obtained. Of course^ if the C molecnies had a much greater affinity 
^thau the Cd rnoleciiles, the aciual amount of C added would be approxi¬ 
mately the same in the two instances. This, however, is very far 
from being the case. In other experiments we have found, when 
lysis is produced first, then a small quantity of Gd added and allowed 
to combine, and then increasing amounts of C, that the surplus C 
appears to come off less sharply than when C alone has been added. 
This would appear to indicate that a certain amount of Cd is displaced 
by G; it must, however, bo a small amount. 

We may therefore conclude that the G and Cd have appmmnutdy 
ike mne combining affinity for the II 4 -IB molecules after lysis. If 
there is a difference in favour of the energy of combination of the 
former, it is a slight one. 


On the li( 4 atkr Firmness of Union of C arul Cd with Jnti-O. 


Here the mode of procedure is of the same nature. A given amount 
of anti-C is added to salt soiution in two series of tubes. To the A 
tubes increasing amounts of ptire C are added \ to the B tubes the 
same amounts of a mixture of C and Cd in equal parts. One and 
a-half hours at 37'’ C. are allowed for combination, and then red 
corpuscles treated with IB are adde<l to each tube to find how much 
C is obtainable. 

Examples:— 

1.—O'l c.c. auti-C in each tube. 


A. 


Amount of 0 ftclded in 


Amount of C obtain- 
ttble from tUo nux- 


Amount of 0 and Cd | , 

in aquftl parts added \0 ‘04; 
Ameutit of C obtain-1 
able.'0 


’ i 

1 . 1 2 . 

3. 

1 

4. j 5. 

6. 

7. 

8. 

0. 

10. 

a. 

0*04;0*06'0*06 

1 ! 
r i” 

'j 

0 *07 ;0 *08 

first *12 
trace ^ | 

0-09 0 1 

! 

0‘27 0 87 

1 i . 1 

0 0 

5 1 

0 14 

0-73| 

O'le 

^‘82 

1 

S f ‘ 

0 0 


B. 


10* Oslo *061 


I 


0*07j0-0$i 

0 rO 


0 09 0*1 !0*12iO*h|o/16| 

t' 0*: 


first iO *15 
traoej 


O'lfil 

|0*a 10*660 


♦ Tbis tube was acoidentWly 
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2.—0*05 ac. anti-Cin oach tube. 
A. 



1. 

2. 

8. 

4. 

r 

5. 

7. 

S. 

0. 

10, 

Amount of 0 











added in c.c. .. 

0 *03 

0 Ot 

0 *05 

0*06 

0*07 

0 *08 

0 09 

0*1 

0*12 

0*14 

Amount of C 











obtainaMe, in 











doses (D) ..... 

0-09 

0*12 

0*4 

0*48 

0'G5 

0-73 

0 *9 

1*0 

X + 

1 + 





B. 







Amounli of C and 











Cd in equtvl 



j 








partft added ... 

0 -05 

0-00 

, 0 07 

10 -09 

0*1 ’ 

1 0 -12 

1 0 *14 

0*1G 

0*18 

0 *2 

Amount of 0 ob¬ 



1 

1 

I 



! 




tainable . 

0‘05 

0‘15 

0-28 

! 

|0-4 

0*6 

i 0 -73 1 

\ c 
! ^ 

X 

1 + 



In tbis case of course, as already explained, the surplus C comes olf 
much more gradually, and a more accurate result might ]>e expected. 
The theoretical consideration of all the factors, however, is one of 
much complexity, and do not claim to explain it fully. The 
following JHiints are to bo noted however’TJie amount of C 
obtainable has been tjstimutod by the amount of lysis—the two, how* 

aver, only approximately correspond.it is not possible to detect the 

smallest amount of C, we can onl}’^ note the hrst apprecialde lysis; 
(2) as has been stated, the combining value of (3 (fresh serum) 
usually falls somewhat when converted into Cd. (Unfortunately a 
separate estimation of the exact value of Cd in the experiments 
before us was not made) j (3) when there is a surplus of C and Cd 
molecules the foj’mer are taken up by the intact corpuscles treated 
with IB, the latter not at all; the ])ahince of dissociation may thus 
be affected, 

Looking, however, at the results in a general way, we see that C 
is kept out of comlnimtion by Cd, that the points at which surplus 
C is obtaijied are not bir distant from each other in the two series, 
and that the interval from the point at which C is first obtainable to 
that at which a full dose is got is much lengthened in scries B, 
though it is not quite doubled. If we take the tube in series B 
(mixture of C and Cd added), which gives a third lysis in the added 
corpuscles, we find that the corresponding tube in series A*(C alone 
added) gives about two*thirds lysis. We may thus conclude that 
autbC also the firmness of union of Cd does not differ greatly 
from that of C. 

0^ ihe^^ of Cmnphifri>cnioid with /f-f/B MokmkB before Lym, 

As has been mentioned above, the addition of complementoid to red 
with IB does not prevent the subsequent action di 
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compl^UiDJit and the production Of lysis. This may bo due fitter (a) 
to complementoid failing to combine with the R + IB molecules, or 
(5J"to its being displaced by complement after it has combined; both 
factors may be partly concerned. There are two methods by which 
the question may be investigated, and we have earned out both of 
them. 

In the first place we may add a given amount of heated serum (Cd) 
to red corpuscles treated with IB, allow time for combination, then 
remove the fluid by centrifugalisation, and then test the amount of 
Cd present in the fluid b}’’ finding how much C it will prevent from 
combining with R + TB molecules after lysis. We shall ijall the Cri 
treated in this way Cdx. A control is made with the same amount of 
heated senim (Cd) which has not been in contact with red corpuscles 
treated with IB. Wo have performed a number of experiments of 
this kind, and the result has always been to show that only a fraction 
of the Cd combines with the R + IB molectiles. In one cxperimept it 
was found that the Cdx of the rabbit kept out two-thirds of the 
amount of guine^i-pig’s C kept out by rabbit^s Cd, i,e.^ only one-third 
of the Cd molecules had combined with the intact red corpuscles 
treated with IB. With guinea-pig^s Cdx, in one case a similar result 
was obtained, whilst in another a half of the Cd molecules had been 
removed by corabiuation, ’ 

Another method is to bring Cd into contact for a given time with 
red corpuscles treated with IB (say, SIB), then to centrimgaliae and 
wash these corpuscles, and then test how much C they will take up. 
The control will be red corpuscles treated with the same amount of 
IB, but not with Cd. Similar results emerge from experiments of this 
kind. The following may bo taken as an example :— 

Three sets of tubes containing the standard amount of red corpuscles, 
fully 31) of IB added to each tube. 

1. Series A.—We estimate how much guinea-pig's 0 will be 
taken up. 

2. Series B.—We estimate how much C will bo taken up after the 
addition of 0*04 c.c. Cd (lysis having been first produced). 

3. Series 0.—The corpuscles are treated with 0*6 c.c, Cd for an hour 
at 37** C., then centrifugalised and washed to remove the free Cd* 
We then estimate how much C the corpuscles will take up. 

The ijesult is that in— 

Series A. 0175 c.c. of C is taken up, 

» B. 015 „ 

C.. 0165 „ 

In other words, after lysis the addition of 0*04 c.c* of€dilui« kept 
out 0*026 C.C, C, whereas before lysis the addition of 0^6 e*a ^ w 
^(fifteen times the ozdy k^t out ^^016 
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ihxp a^n tha,t a mere fraction of Cd entered into combination with 
^ S-f lB molecules before Ifsis. We may add that the largest 
amount observed was in an experiment with rabbit*s Cd, where it 
oame out that of 0*25 c.c. of Cd added before lysis an amount was 
taken up equal to O’l c.c. of Ccl added after lysis. 

From all these experiments it is shown that l)efore lysis Cd has a 
weak affinity for R 4- IB molecules, and that in any given case only 
a fraction of the amount added enters into combination. This result 
is of high importance in connection with the general question as to 
the action of these substances,.since it implies that the action of one 
substance^—complement—increases the combining affinity of another 
substance—complemejitoid. 

(h ills Sahtrafdon of the ^4- f/i Moleaiks nith Coniph}netitoi(l% aftei’ 

' Lysis has omirretL 

Seeing that red corpuscles treated with multiple hcomolytic doses of 
IB take up mtdtiple doses of C, we may produce lysis by a single dose 
of C, and then find whether the affinities of the remaining R + IB 
molecules can be satisfied with Cd. The different stages of such 
experiments are (a) The addition of several doses of IB to the 
cwpuscles, time being allowed for combination ; (b) Lysis by a single 
dose of C ; (c) The addition of Cd in excess; 2 hours at 37" C. are 
aQowed for combination; (d) The addition of about one dose of 0; 
1 hour at 37® C. for combination; (e) The addition of red corpuscles 
treated with IB to test for the presence of free C, (In case the 
hiemolytio value of C should fall during the experiment, the same 
amount of C as that used in {(i) should be added to a little salt solution 
and jiaced in the incubator at the same time for an hour; its value is 
then tested by adding red corpuscles treated with IB.) Wo can in 
^ way test the saturating power of rabbit’s or guinea-pig’s Cd with 
rabbit^s or guineurpig’s C—four possible combinations. A considerable 
number of experiments of this kind have been carried out, but the 
ge&mral result may be stated that after saturation with Cd not more 
than a fraction of a dose of the added C has been taken up. 

Examples 1 and 2,~8aiuration with Mabbifs Cd, 

Test with Mabbifs cmd Guinea-pi(fs C, 

I, 

10)^ suspension oi red corpuscles is used, so that the doses will 
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Lyeia in all with 0*07 c.c., rabbit’s C. 

0*6 c.c. rabbit’s Cd added to each tube; 2 hours at 37* C.j then add 

A. B. 0, I), 

0*065 c.c. 0*09 c.c. 0*03 c.c. 0*05 c.c. 

--- ' >- , ---' 

Rabbit’s C. Guinea-pig’s C. 

1 hour in incubator. 

Add to each the test amount of red corjmscles treated with IB. 

The result is that complete lysis of all the added corpuscles occurs. 
This shows that at most not more than a fifth of a M.H.D, of rabbit’s 
€ and not more than a third of a M.H.D. of guinea-pig’s C has been 
taken up. 

3. Safitration with Giimea^pufs Cd. 

Ted mfh Guitiea-pi/fs C. 

M.H.D. of guinea-pig’s C == 0*04 c.c. (at beginning of experiment), 
5D of IB added to 1 c.c. corpuscles, Ij^sis with 0 and addition of 0*5 c.c. 
of Cd, 2 hours at 37'" C.; 0*06 c.c. of C added, 1 hour at 37* C.; red 
corpuscles treated with IB added, 1 hour at 37* C. Resiilt, 0*8 of the 
corpuscles underwent lysis, but in a coutrol with 0*06 c.c. of C alone 
0*1 remained undissolved. Here, accordingly, not more than about a 
tenth of a dose of C entered into combination with the E + IB 
molecules. 

4. Suiuration mdh Quinea^pig'^s Cd. 

Tmi with liMWs C. 

M.H.D. of guinea-pig’s C = 0*07 c.c. 

„ rabbit’s C ^ 0*27 c.c. 

Three tubes taken containing 1 c.c. su8j)en8ion of red corpuscles, 
treated wnth 6 IR. 

Lysis with 0*09 c.c. guinea-pig’s C; 1 hour in incubator. AdditJem; 
of 0*5 C.C., 0*75 c.c. and 1 c.c. of guinea-pig’s Cd to the several 
2 hours in incubator. - ' 

Addition of 0*3 c.c. rabbit’s C; 1 hour for combination. 

Addition of the test amount of corpuscles treated with IB, Rfesult 
in the tube with 0*5 c.c. Cd, two-thirds of the corpuscles underwent 
lysis; in the other tubes with 0*75 c.c. and 1 c.c. Cd, complete lyeia 
took place. Complete saturation had not occurred with 0*5 c.c. Cd, 
but with the other amovuits it had, so that at m 4 >t 3 ,i about a tenth of a 
dose of the rabbit’s C was taken up. 

It is thus seen that it is possible to practically saturate with Cdtihe. 
surplus E 4* IB molecules after lysis. Other oaeporiments have indicated 
that probably a certain amount of Cd is displaced by 0 added afters 
wards. But the alwve results show that when an of Cd i$ 

used, the amount displaced is reduced to a trifling ^ornit. 
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These results also confirm the result already obtained, namely, that 
in the case imder consideration the haptophore groups of the rabbit’s 
and guinea-pig’s complements unite with the same R -t- IB molecules 
iyide snf^^a), 

Conchm&ns, 

The following arc the chief results obtained from the experiments 
described. It is, of course, to be understood that they are held to 
apply only to the cases investigated, viz., the immune-body for ox’s 
corpuscles obtained from the i-abbit, used along with rabbit’s and 
guinea-pig’s complements and complementoidB. Further observations 
will be necessary to determine whether they obtain generally. 

(1) The existence of complementoids in heated sera can be showm 
in ordinary test-tube experiments, by their preventing (a) the union 
of complement with anti-complement, (h) the union of coniplemenc 
with R -I- IB molecules after lysis. 

(2) The amount of complementoid derived from (‘omplemerit, as 
tested by the combining relationships, varies; in the case of the rabbit 
it is approximately equal to the original amount of complonient; in 
the c;ise of the guinea-pig it is considerably less than that amount. 

(3) The combining affinity of complementoid, both for anti-comple¬ 
ment and for R+ IB molecules after lysis, is not much inferior to that 
of complement. 

(4) On the other hand, complementoid has a foel>le affinity for 
R+IB molecules before lysis, ie,, for intact red corpuscles treated 
with immune-body; of the complementoid abided only a small 
quantity enters into combination ; hence complementoid does not 
prevent lysis by complement. 

(5) When red corpuscles united with multiple doses of irnmune-body 
are lysed hy a single dose of complement, the surplus R -f IB 
molecules can be saturated with excess of oomplemontoid, so that 
almost no complement can subsequently be taken tip. This result is 
obtained also with rabbit’s complemontoitl and guinea-pig’s comple¬ 
ment, and with guinea-pig’s oomplemontoid and rabbit’s complement. 
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On the General Circulation of the Atmosphere iu Middle and 
Higher Latitudes.” By W, N. Shaw. F.R.S.» Secretary of the 
Meteorological Council. Received May Id,—Read June 2, 
1904. 

In the courso of lui investigation into the trajoctorioft, or actual 
paths of air, hy moans of synoptic charts, which is still in progress/ it 
became apparent that the paths of air taking part in cyclonic dis- 
turl)auce8 near the British Isles when traced backward did not always 
originate in anti-cylonic areas, but followed a track skirting the 
neighbouring high-pressure areas and traversing sometimes a very 
large part of a belt of the earth in a direction more or less parallel to 
a line of latitude, and, on the other hand, air moving in the neighbour¬ 
hood of a cyclonic depression did not invariably seek the nearest Imro- 
metric minimum, but sometimes passed on, leaving the circulation of 
the depression on the left hand. 

Two suggestions at once arise from these results ;—First, that the 
auti“Cyclonic areas of the Atlantic take far less part, as sources of air 
supply for travelling storms, than is usually attributed to them, and 
secondly, that the motion of air in middle latitudes is more of the 
nature of a passage round the pole in a general easterly direction, some¬ 
times from north-west, sometimes from south-west, than is generally 
stipposed. 

The evidence iu support of these suggestions will be considered 
when the results of the investigation referred to are presented, but it 
may be remarked hero tliat the first suggestion, which would indicate 
that the anti-cyclonic areas are of the nature of stable inert masses of 
air round which the winds circulate rather than regions out of which 
winds blow, is not inconsistent with the phenomena of anti-cyclonic 
weather, and is borne out by the monthly wind charts of the South 
Atlantic recently prepared by the Meteorological Council, and now in 
course of publication by the Hydrographic Office of the Admiralty; 
and further that the existence of a general circulation of the atmos¬ 
phere from west to east along middle latitudes right round the earth, 
diverted to the northward along the eastern sides of the oceans and 
back again to the southward across the land areas, is supported by the 
recent summary of cloud observations by Hildebrandsson.t It is also 
supported by the isobaric distribution for the 4000 metre level com- 

♦ Somo of the redults of thm mrestigation have been already puWUhed, 
* Quarterly Jounial Koy. Met. Soc.,' vol. 20, p. 233, and rol. SO, p. 67; ‘ Monthly 
Filot Chart of the North Atloutio atid Meditermnean,’ February, 1904. 

t ^Bapporl sur lea ObaerraUona tDt4jmatioiwle» dea.Nuagea'au OowiitiS tnter- 
natiotial M4t4orologique,’ al^o * Urit. Aatoo. Eeport,’ Soatbport mooting, 190 $, 
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pitted by Teissereiic de Bort, with which the observed motions of 
the upper clouds are in agreement. 

It is the second 6uggestion> the general circulation in middle latitudes 
round the pole, with which the present paper deals. 

I propose to refer to certain representations of the average distribu¬ 
tion of pressure and the corresponding average winds for January. It 
may )>e conceded at once that the motion of air represented by any 
synoptic chart of a considerable part of the earth^s surface in middle or 
higher latitudes, including ocean areas, for any day in January could 
not by any stretch of the imagination lie regarded as a “ steady " 
motion round tlie polar axis. The conspicuous features arc large cyclonic 
systems travelling irregularly, and the actual motion is exceedingly 
complicated. The chart of mean isobars for the month, fig, 1, displays 
a large area of low pressure over the North Atlantic, south-east of 
Greenland, the axis of which lies along the path frequently followed 
by centres of depressions, tuid indicates prevailing westerly winds on 
the southern side of the low pressure and prevailing easterly winds bn 
the northern side. 

But it is also well known that the cyclical distribution of isobars 
round local centres and corresponding rotatory winds are specially 
characteristic of the siirhice as distinguisho*! from the upper air. For 
a section tiiken at successively higher levels the pressure diminishes 
more rapidly over cold areas than ovei‘ warm areas, because the air, to 
the weight of which the pressure at the base of the stratum is duo, is 
denser in cold regions than in warm ones. The turbulent character of 
the motion is moderated as higher levels are reached, and its rotatory 
character may be lost at a sufficient height.* 

In general accordance with the obliteration of cyclical motion at 
great height the system of isoliars computed by Teisserenc de Bort for 
the 4000 metre level, fig. 2, shows no isolated low pressure areas, and 
the lines suggest a circum-polar circulation instead of the system of 
local cyclonic circulations. The isobars are deflected in certahi parts 
from the lines of latitude, but they form complete circum-polar rings. 
It k not unreasonable therefore to regard the actual motion at that 
level on any day as the result of disturbances of “steady ” motion, the 
steady motion, about which the aotufU motion fluctuates, being repre¬ 
sented by flow along the mean monthly isobars. 

Since two consecutive isobars are not strictly speaking parallel to 
each other throughout their course, but diverge in some regions and 
converge in others the velocity is different at different points of m 
isobar. Upon the principles of hydrodynamics the change of velocity, 
ill the absence of any impressed force to produce such a change, implies 
an alteration of pressure i bonce, where the isobars are widening, the 

* geo Hftttn, ^ Metoorologie/ p. 508, and Teiseerene de Bort, ^ Brit* Akooo. 
JSUport; 1808. 
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|»IQUHE1. EURFAOe ISO»Aft« FOR JANUARY. 
RtPROUUOCO FROM HANN't " MBTKOROtOOtE.*’ 



FIGURE* , ISOSARiAT TMCLtVtL Of 4000 METRE* WH JAMOARV. 
FROM HANN* MFIIOOueTliM erYMKORIClNALeiAORAM MrTMHatCNe HiVrr* 
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flow of air must diverge from strict parallelism with the isobar towards 
the region of higher pressure, and m^e v&mt The angle of divergence 
at any point would be, however, too small to affect the considerations 
put forward in this paper. 

Neglecting the effect of frictional resistance, the condition of persistent 
motion along parallel isobars is that the force due to the distribution 
of pressure, the pressure gradient, shall supply the acceleration 
which is necessary to keep a particle of air in its path; this condition is 
expressed by the relation l)etween the pressure gradient y, expressed in 
inches of mercury per degree (60 nautical miles), and the velocity V of 
the moving air in statute miles per hour, as follows 

■y « I) cot p X 0*000016 4- V sin X x 0*033), 

where X is the latitude, p the angular radius of the small circle oscu¬ 
lating the path, and D the density of the moving airiti pounds per cubic 
foot. 

Of these two terms, that containing p depends upon the curvature of 
the ptith and, from the magnitude of the numerical coefficient, it is 
clearly insignificant unless the velocity of the wind is very great or 
the radius of curvature of the path very small It tecomes very 
important in the case of revolving storms of small diameter. The 
other term is that depending upon the rotation of the earth, and repre¬ 
sents 2 <mV sin X,* whore to is the angular velocity of . the earth^s 
rotation. Omitting the first term we get for the condition of steady 
motion 

y « DV sin X x 0*0330 inches per degree of 60 nautical miles. 

On fig. 2 the gratiient is already indicated by the separation of 
the isobars, the pressures being noted on the diagram in millimetres; 
the wind velocity which is necessary for steady motioti, assuming, 
for the purpose of computing D, a fixed vertical temperature gradient, 
and neglecting the effect of the divergence or convergence of the 
isobars, is given in figures in various parts of the diagram. The 
velocities here indicated refer to the air at the 4000 metre level, 
it may be noticed that since the pressure gradient for a given velocity 
is proportional to the air density, and the pressure is due to the weight 
of the superincumbent air, steady motion along parallel isobario lines 
with the same velocity at all altitudes would result, if the run of thjb 
isobaric lines were the same at every altitude. That condition wotdd 
bo^tisfied if at each altitude the isobars were also isothermal lines. 

, velocity near the surface is diminished by surface fricrioni 

butitiollows from this relation lietween gradient and velocity that 
beyond the range of appreciable surface friction the velocity does not 

• See Hann, * Meteorologie,* p. 421, 
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iner^e with height iti an atmosphere in whiob the distribution of 
ieK)baric lines is similar at all heights. 

llio velocities entered upon the diagram lie between 20 and 66 miles 
per hour, and these are not inconsistent with ol>served cloud velocities, 
ao that a steady motion with the velocities indicated is a reasonable 
representation of the average conditions so far as they are known. 
As regards the direction of the slope of pressure, that direction is 
determined by the rebtion of the direction of motion of the air to the 
direction of rotation of the earth. Whatever bo the direction of motion 
of the air, the horizontal acceleration arising from the earth*s rotation 
is along the normal to the path, and to the left, in the northern hemi¬ 
sphere, On that side, therefore, the low pressure must lie. For 
motion along u parallel of latitude the slope of pressure will be 
** downward ” towards the pole for motion from west tC) east, and for 
motion from east to west “ downward ” towards the equator. 

Hence we may conclude that the distribution of pressure at the 
4000 metre level is favourable for a steady circulation of air round 
the polar axis, with an average velocity of about 50 miles per hour. 
The (Hrection of the motion is from west to east, with diveigonce in the 
northern hemisphere towards the north over the Pacific and Atlantic 
oceans, and l^ack again to the south over the Continental land areas, 
In the southern hemisphere the motion follows the lines of latitude 
more closely and the deflections are less marked, though the influences 
of the laud projections are similar. 

Below the 4000 metre level is a region of cyclonic depressions with 
rotatory motion, i^ng between the tropical high-pressure l>elt and 
other anticyclonic regions to be found in the far north. The motion 
near the surface level corresponds with the surface distrilmtion of 
pressure, which is made up of the distrilnitioii at the 4000 n*etro 
level, transmitted to the surface, and the pressure duo to the weight 
of the stratum below the 4000 metre level. I now exhil>it (fig. 3) the 
distribution of this remainder of the surface pressure when the distri¬ 
bution at the 4000 metre level has been deducted. It has l)oen 
obtained by plotting the difference between the surface distribution of 
fig. 1, and Teissereuo de Bort’s distribution at the 4000 metre level, 
% 2 . 

The result is very remarkable. A comparison of figs. 2 and 3 shows 
at once that the general trend of the lines is very similar to that for 
the upper air but the direction of ike <jradm4 ie revermL This is in 
accord with the theoretical calculation of the direction of the gradient, 
because the direction of motion for such a pressure distribution is the 
revawie of that represented in fig. 2* The remit of /fe presimre dkiri- 
due the lower stratum alone would he a cireulaiion round the polar 
mk fnm east to west along Urns almost identical with the Unes of flow foi' 
4h uppef\ air hU in the reverse direction. 
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I now refer to 6g, 4, showing the average distribution of surface 
temj)eraturo for the same month, January, Again the similarity of 
the trend of the lines to those of figs. 2 and 3 is obvious. It is of 
course not in any way remarkable that figs. 3 and 4 should show 
similar lines, for figure 3 shows the amount of barometric pressure to 
be deducted from the surface pressure for a layer of air 4000 metrea 
thick, and the calculations of the doductions have hem based upon the 
stirface temperatures. The diminution of pressure for a given height 
is the same at all points of an isothermal Ihie, assuming the vertical 
temperature gradient to be the same at all points along the line ; but 
that the remainders representing the pressure of the upper atmosphere* 
at 4000 metres should also be very similar in shape, is indeed remark¬ 
able, especially when one considers that tlie (jiradimf k in tfie rem'ne 
(liredion from that of the pressure values for the lower stratum. 

It is ininecessary to call special attention to the points of similarity 
oven in detail between the shapes of the “ partial ** isobars for the lower 
stratum, fig. 3, and the upper stratumi fig* 2, with reversed gradient. 
The isolated minima in fig. 3 about the equator, corresponding to 
isolated maxima in the same regions in fig. 2, are very striking, but ona 
point of difference may be noted. In fig. 2 the circulation indicated ia 
approximately about the geographical pole, where, in consequence^ a 
minimum of pressure is indicated. In fig. 3, the circulation is clearly 
round a pole of extreme cold in north-east Siberia, where there is a 
maximum of pressure for the lower air. 

It thus appears that the forces represented by the average distribu¬ 
tion of pressure for the month of January may be divided into two 
imrts, viz.:— 

A, that due to the upper atmosphere, above 4000 metres, which 
would, if it acted alone, correspond with a steady motion from west to 
east along paths following closely the lines of tbe average isotherms ; 
and B, that due to the lower stratum of the atmosphere which, if it 
acted alone, would correspond with a steady motion also approadmately 
along the isotherms but from east to west. 

The actual distribution is represented by the superposition of A and 
B. Since pressure gradient and velocity are both vector quantities^ 
and are related to each other in simple proportionality, the super¬ 
position of force distribution corresponds with the composition of the 
velocities due to the separate distributions. Hence, in the combina¬ 
tion of*the two distributions of force at the surface where A is 
predominaut, ie,y in the middle latitudes on either side of the equator, 
there is a resultant circulation from west to east; where B is pre¬ 
dominant, in higher latitudes, there is a resultant circulation from 
east to west. 

The Superposition of the two systems ^yes a line of minilnuiii 
pressures, with a westerly flow of air on the equatorial side, to 
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ftasterly flow ot air on the polar sido. It is very irregularly marked 
in the northern hemisphere, owing to the distance of the pole of, cold 
from the geographical pole; in the southern hemisphere, the arrange¬ 
ment is probably much more symmetrical, owing to the coir»cidence of 
the pole of cold with the geographical pole. 

The line of minimum average pressure forms the storm track of the 
circular storms, resulting from the merging of the two circulations. 
It is evident that such merging miist take place. If circumstances 
were so adjusted that there was an equilibrium condition along any 
level, the diflerenoe of density of air at different ternjwraturea would 
cause a departure from equilibrium conditions, in one direction above 
the proscribed level, arid in the opposite direction below it. And to 
this primary cause of disturbance of the steady motions corresponding 
to the two separate distributions of pressure, must be added the 
instability, which is due to the condensation of water vapour. The 
region of minimum pressure becomes, therefore, the scene of great 
changes of energy, cyclonic circulations, and variable winds. It may, 
indeed, be noticed that increase of entropy when mixing takes place, 

is represented by (snpposi/ig T-T' to be small com- 

« X X 

pared with T or T'), where H is the quantity of heat transferred In 
mixing, and T and T' are the absolute tem[ieraturo8 of the amotuits of 
air, supposed eqtuil, which mix. Hence the entropy change is greatest 
where there is the greatest temperature tlifferetme, Init, for the same 
temperature difl’ererice, where temperatures are lowest. 

To sum up the result that has been arrived at, the average dis¬ 
tribution of pressure can be divide<l into two pirts, neitlier of which 
shows the characteristics of local cyclonic distribution ; one part, due to 
the upper atmosphere, favours a westerly circulation, the other, due 
to the lower atmosphere, favours an easterly circulation, and both 
circulations follow roughly the lines of the average, isotherms. 

This result leiids to many suggestions of considerable importance. 
The second component of the distribution is ol)viousIy directly 
dependent upon surface temperature, and must be changed when 
surface temperature changes; the first may also be regarded as 
depending ultimately upon surface tomperattire, for its lines follow 
those of surface temporatiue on the average, but the connection must 
be leas direct. It may possibly indicate differences of thickness of the 
atmospheric layer as distinguished from differences of density in a 
layer of uniform thickness. The first effect of a change in the dis¬ 
tribution of surface temperature will be to change the character of the 
second component, leaving the first component unchanged, except in so 
far as expansion of air in the lower strata alters the pressure at a given 
level in the upper strata. The study of the effects of rueogniaed 
ehahges of temperature distribution upon the second component, which 
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are easily calculable, may have very important consequences in relation 
to classifying the facts within our knowledge of weather changes in 
middle latitudes. It seems to follow directly that easterly winds are, 
as a rule, winds of relatively speaking low altitudes, due to surface 
temperature, and that local areas of high pressure, with an anti-cyclonic 
circulation, may lie underneath regions of general westerly flow in the 
upper air. 

Another conclusion that follows directly from this method of 
ajiulysis of the distribution of forces corresponding to the surface 
circulation, is the confirmation that it affords of the suggestion of the 
existeiico of a high-pressure area over the Antarctic Continent, made 
by Sir J. Murray, in tlic discussion of the “ Challenger ** observations. 
Such indications of the results of Antarctic explorations as have been 
already received are consistent with the suggestion,* and the detailed 
lesulte of the recent expeditions must furnish very valuable additions 
to the material for the study of this interesting question. It is clear 
that the effect of the component, due to the lower atmosphere in the 
southern latitudes, will become intensified Mdiere the intensity of the 
low temperatures becomes effective; ajid the pole of extreme cold, 
which ill the southern hemisphere must be nearly coincident with the 
geographical pole, will have associated with it a component distribu- 
tion for easterly circulation similar to the lou^-tonperature pole of 
north-east Siberia, in the northern hemisphere. The intensity of the 
cold in the south polar regions is luidoubted, and the existence of the 
<iistribution for an easterly circulation round a high-pressure centre, 
due to the weight of the lower air, follows directly therefrom. 

A third effect of the distribution of pleasure in lower regions of the 
atmosphere, and the corresponding air circulation, nmy perhaps be 
traced in the series of wind charts of the South Atlantic already 
referred to, where there is obvious evidence of a tendency of the winds 
to run tangentially to the coast line. The coast line is equally 
obviously a line of separation between regions of different surface 
temperature distribution, and hence a locality of steep temperature 
gradient. Thence follows a steep pressure gradient for the lower 
atmosphere, and associated therewith a distribution favourable for the 
flow of air in opposite senses on the two coast lines for the same 
latitude. 

The division of the atmosphere into an upper and a lower stratum 
at the 4000 metre level is perfectly arbitrary, and that level is only 
chosen because M. Teisseronc de Bort selected it for constructing his 
charts of mean isobars of the upper air 18 years ago.f * It is in the 

* Sue Mr, Bernacohrs pai»er on ‘*Windi and Temperature at Cape Adare *' in 
‘Magnetic and Meteorological Observationa made by live ^‘Sonibstn 
Antarolio Kxpedifeion ’ (published by the Boyal Society), pp. 40 and 49. 

t ‘ dnnalee du Bureau Central M^t^rologiqu© de Franco,' 1887, Part 1, p. 01. 
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region of the clouds of intormediftte height and probably does not 
eoJ^reapoud with any specific discontinuity in the atmospheric layer. 
It is accordingly remarkable that the separation of the surface, or 
resultant distribution, into two distributions of opposite type should 
be so complete when the level of 4000 metres is taken as the surface 
of separation. It is not desirable to follow out the consequences of 
small differoncea that might be found, because the calculation of the 
isobanc distribution at high levels is itself ^ yet not susceptible of 
very great accuracy, and indeed the distribution of pressure at sea 
level even in the northern hemisphere is not entirely free from 
uncertainty, owing to the uncertainty of the reduction for altitude. 

The remarks in this paper refer to the circulation in middle and 
higher latitudes, because the determining force for steady motion is 
assumed to be dependent upon the velocity of motion of the air and 
rotation of the earth. The acceleration computed from these elements 
contains sin X as a factor, and it is therefore without serious influence 
in the equatorial regions. 

It is fortunate that this is so, because the drift of upper air over the 
equator is generally accepted as being from east to west, and about 
80 miles per hotir may be assigned as the rate of this drift Jb'rom the 
results of Sir J. Eliotts work on the cloud observations of India,* it 
appears that at Simla, in latitude 31“ N., the westerly current in the 
upper air is extraordinarily steady throughout the year, whereas at 
Madras the upper current shows considerable vai’iatiou with the season. 
Between the westerly current at Simla and the easterly oquatoria! 
upper current there must be a region whore the conditions in the upper 
air are in many ways similar to the surface conditions in temperate 
latitudes, that is to say, steady motion would involve the existence of 
two oppositely directed streams of air at the same level, but in not 
far distant latitudes. It would appear that for rotatory storms 
originating in that region the gradient must depend only upon local 
centrifugal action and the velocities for given barometric variations 
must be correspondingly great, I am not sufficiently well 'acquainted 
with the sequence of events in a tropical hurricane to be able to follow 
oxit the suggestion that those phenomena have their origin nn the 
upper air; I hope to be able on a subsequent occasion to cite 
examples to show that storms in the region of the minimum proasure 
in temperate latitudes may arise from special mrface condUioriSf and 
there is at least some evidence for the correlative origin of tropical 
hurricanes* 

I have made no comparison of the first results of this method of 
analysis of the average barometric distribution with the conclusions 
arrived at by J. Thomson and Ferrel, for tJiie general circulation of the 

* Mndisn Meteorological Memoir#/ vol, 15, Part 1,1908. 
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atmosphere^ nor with those more recently obtained by Bigelow, becatise 
the method of treatment is in some respects novel and it seems 
desirable to wait for its further application before making any such 
comparison. 1 may remark, however, with regard to the theories of 
the two authors first mentioned, that a steady circulation round the 
jK)lar regions requires oiily the supply of the comparatively small 
amount of energy necessary to make up the loss occasioned by surface 
friction, and consequently no great transference of energy from the 
equatorial regions to middle or higher latitudes in the form of heat or 
otherwise is demanded for the maintenance of the circulation. 

Moreover, 1 have confined my observations to the bHromoiiic 
distributions for the month of January. So far as J have examined 
the distributions for July, the conclusions to bo drawn from them are 
in matiy respects similar, but the sejmration of the pressure component 
for easterly circulation from that for westerly is not complete at the 
4000 metre level as it is in the case of January. 

In conclusion, I desire to acknowledge the assistance I have received 
from Mr. G, T. Bennett, M.A., of Emmanuel College, Cambridge, with 
whom I have discussed especially the dynamical questions involved, 
and from Mr. K, G. K, Lempfert, M.A., and other members of the 
staff of the Meteorological Office, who have supplied me with much of 
the material upon which the general conclusions set out in this paper 
have been based. 
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On the Structure and Affinities of Paheodiscus and Agelacrinus/' 
By W. K, SFENCEit, B.A., F.G.S., Burdett Coutts Scholar, 
University of Oxford. Communicated by Professor W. J. 
SoiXAS, F.H.S, Eeceived March 22,—Head June 9, 1904. 

[PX.ATB 1.] 

The following research was undertaken at the suggestion of 
Professor Bellas. It endeavours to elucidate, by the aid of the method 
described in the ^Phil. Trans./ B,, vol. 196, the structure of two 
genera of rare but very important Palteozoic Echinodermata, namely, 
the Echinoid Falasodiscus and the Edrioasteroid Agelacrinus. The 
fossils were ground at uniform distiuicos of nun., and each successive 
surface photographed. From tracings of the photographs wax models 
were constructed. On the results of these investigations views are 
brought forward as to the relationships of some of the groups of the 
Eohiuddermata, I have to thank Professor BoUas for hia never-failing 
advice and aesistaneo, and also Dr. lather for his courtesy in my visits 
to the British Museum of Natural History. 

/mu (Salter). 

Palasodiscus was discovered by Salter (1) in the Lower Ludlow hods 
at Leintwardine, Shropshire. The specimen was in the form of a cast, 
and otherwise imperfect, Salter was unable to decide whether it was 
an pphiurid with contracted arm plates or one of the Asteriadae with a 
greatly developed masticatory apparatus.” 

Wyvilte Thomson (22) in 1861 described specimens contained in the 
CJoUego Museum in Belfast. He placed Palecodiscus in near relatioJi- 
ship with Echinocystites, a genus which he here describes for the first 
time. Both genera were recognised as Echinoids, but with close 
telaiionships to the Cystoids. Wright in his monograph of the ‘ British 
Fossil Echinodermata of the Oolitic Formations* was apparently unawai'e 
of Wyville Thomson’s work, and merely copies Salter’s descriptions, 
Zittel, in 1879, while recognising the hlchinoid affinities of Eebino* 
cy^tltes, yet places Palseodiscus amongst the Asteroidea. Neumayr, in 
188L regarded Palceodiscus and Echinocystites as very nearly relided. 

I|n stellt Palfieodiscus einen Typua vor, weloher Cbi^raktere 

von SeestetJien mit solchen von Cystocidaris (Echinocystites))^ 4er 
wkfetii^p Zwisohenform jswiseben Beeigelu iind Cystideen, verbkidet.” 

Gregory (5, p. 130), in 1897, definitely placed Paleeodiscus amongst 
litie EeWnoi^. He remarks, “ the genertd characters of the skeleton are 
more echinoid than asteroid; the absence of specijil adambulaoral 
plates, the oootirrence of small articulating spines, tbe resemblance of 
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the interradial porisomatic plates to those of Echinooystia, arid the 
characters of the masticatory apparatus, are all points which ally 
PalflBodiscus to the Echinoidea, and separate it from the Stelleroidea.'^ 
On two other points, hoM^ever, bis description is by no means so 
accurate, for he says that the aiubulaeral plates are flush jvith those of 
the interradii, and the ambulacral plates are not perforated by pores, 
but the podia pass out between the plates. 

The most perfect specimens of ral<miiscus feroz discovered up to the 
present are in the Grind rod collections of the Oxford University 
Museum. Using these as his material, Professor Sollas, in 1900, gave 
a description of the ambulacra and the lantern of Aristotle. All the 
spocittietis except one were iji the form of casts. By the aid of these 
casts and a well-preserved ambulacrum two series of plates in the 
ambulacra were identified, ati outer series, pierced for podia, and an 
inner series. 

Professor Sollas (20, p. 705) called the outer series the true Eebinoid 
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plates, the inner he compared to the ambulacral ossicles of Asteroids. 
This suggested a solution as bo the long-standing puzzle of the relation¬ 
ships of Asteroids and Echinoida, One specimen of Paheodiscus showed 
plates in the vicinity of the mouth which had fortunately escaped 
solution. That no doubt might remain as to the existence of the 
double series of ])lates, one of the ambulacra of this specimen was cut 
away and ground. The result of the investigation, together with some 
amplifications in the description of the genus, form the first part o£ 
this paper. 

JDescriptiem ,—The general appearance of the form of Palaeodiscus, as' 
preserved in the shale, suggests that it was originally discoid and 
rounded. All the known remains are flattened almost completely in 
the horizontal piano, and are thus quite diflerent from the impressions 
of the globular Echinocystis, which lie in almost any plane. (Plate 4 
fig. 1.) Usually the peristomal region is occupied by a cast of the 
lantern of Aristotle. One of the specimens as described by Professor 
Sollas j)OSsesseB, however, .an impression of the peristome, which is seen 
to bo occupied by the plates of the ambulacra. No interambiilacral 
plates are present here. This is the first of the many embryonic and 
primitive characters which characterise the genus. It recalls the 
arrangement which occurs in certain other families of the Paloechinoidea,, 
namely, the Bothriocidaroida, the Lepidocentridee and the Lepidesthides. 
Further, Professor Lov<Sn (11, pp. 6, 7, 12) has shown that in the young; 
stages of Goniocidaris and Strongylocentrus the ambulacral areas meet 
and shut out the interambulacral plates from the mouth region, although 
later these latter plates invade the peristome. 

The intorambulacrum,, as shown in fig. 2, begins with a single plate. 
This acquires great importance from the studies of Lov^ri and Jackson. 
Lov6n (11, p. 12) has shown that in the interambulacrum of young 
Echinoida there is but a single plate. During later growth the initial 
plate is gradually resorbed. The initial plate is represented, however,, 
in the adult clypeastroida and spatangoids as also in the Paheozoic 
genera Molonites, Lepidechinus, and Pholidooidaris. There is one 
gemiB of Pateozoic Eohinoid—Bothriocidaris—which possesses only one 
row of plates in the interambulacral regions. This has led Jackson 
(9, p. 233) to suggest that Bothriocidaris represents an ancestral form 
from which the remaining Echinoids may be derived. The form of tho 
inter«amhulacral plates of Palaeodisous as detailed below shows, however,, 
that even if we take the criterion of the interambidaorum, it appears^ 
much more primitive and ancestral than that of Bothriocidaris. The* 
majority of the interambulacral plates are rhomboidal in form, and it ie* 
only near the peristome that they become polygonal. Lov^n (11, p. 20) 
shows that the newer interambulacral plates arise distally from the 
mouthy and are nearly quadrangular. Later they become polygonal 
owing to growth pressm'e. Jackson (9, pp. 225,228, etc.) in hie studies 

VOb. LXXIV. 
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of Palteozoic Echinoids shows that various genera of these also possess 
rhomboidal inter'ambulacral plates distally, bnt these rapidly become 
polygonal. 

Palseodiscus, with its great number of rhomboidal intorambulacral 
plates, shows in this, as in all other respects, very primitive features. 
The plates are in several rows radiating from the initial plate in a fan¬ 
shaped manner (hg. I). It is this arrangemont we must regard as 
ancoatral The general Asteroid appearance is very suggestive. 

Both interambulacral and andmlacral plates are imbricating. The 
imbrication obeys the general Echinoid rule, namely, the ambulacral 
plates imbricate adorally, the interambulacral aborally. This imbrica¬ 
tion also occurs in the Palajo;?oic Lepidooentridjo and Lepidesthidee, as 
also in the Echinothuridte. Jackson (9, p. 237) points out that 
imbrication, since it apj)ears in such widely separated t 3 rpes, is “a 
variation built upon independent lines.” 

The anus is situated in an interambulacrum, whether on the dorsal 
or ventral surface it is difficult to say, but certainly at a considerable dis¬ 
tance from the apex (Plate 1, fig. 1). This is a position peculiar amongst 
Echinoids to PalsBodiscus, and the closely related genus Echinocystites. 
It was surrounded by a number of small plates, which gave it a very 
asteroid appearance. Gregory (5, p. 132) has suggested that the apical 
plates of Echinoids in general may be derived from the five valvular 
plates which surround the anus in Ecbinocystites. The large number 
of such plates in Palaaodiscus cannot be reconciled with this suggestion. 

There is no trace of any apical disc in the specimen examined. It has 
been pointed out that Palseodisous is always compressed in a horizontal 
direction, and if an apical plate had existed its remains would have 
been driven into the impression of the lantern of Aristotle and lost. If 
the apical disc existed, it did not enclose the anal region either in this 
form or in Ecbinocystites. There is no trace of a Madreporite. If we 
judge from its position in Ecbinocystites, it would have been situated 
near to the apex, and is lost for the same reason as would be any 
apical disc. 





Tart Fid . 8.— « Outer tvmbulacral pUte of :Palaiodi$0U9 dofctied linet 

indioftto reconstructed portion put in from out; h.p., hfiobed poro. 

That there were a double series of plates in the ambulacrum had 
been inferred by Professor Sollas. The outer series consisted of 
a number of pairs of long thin plates, which alternate irregularly with 
one another over the middle line. They were pierced by bU^i>ed 
pores situated at the extreme proximal (mouth) end of the plate# but 
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nevertheless distinctly enclosed by it (lig. 6), The bilobed pore and 
its marginal position arc primitive conditions* Eohinoids, I shall 
attempt to show, must have descended from ancestors (Asteroids) 
which possessed a single pore passing between the ambulacral plates. 
The Echinoids more than any other Echinoderm depends for its 
existence upon the strength of its tube feet. The bifurcation of the 
tube foot canal by the formation of a double strand of tissue, its 
arrangement in an arch-like manner, and its enclosure in the plate 
would strengthen the power of the tube foot considerably. Palseodiscus 
shows the beginnings of these characters. The inner series of these 
plates in the cast are observoci to dip downwards and dietally. They 
lie in a groove which is partially filled in with sandstone. The 



TbXT Fia. 3.—Innor ambulaoml platea of same ; plates in mouth region 
separating from eatjJi other; splayed out portions of plates. 

existence of both inner and outer series of plates is confirmed by 
the series of sections taken. An examination of the specimen showed 
that the outer series of plates have suffered much from solution, but 
are fortunately best preserved over the ambulacral groove, probably 
because of the greater mass of calcite in this region. In the series of 
sections taken the outer series were visible from 1—7, showing that 
they had a thickness of yV mm. The inner series then appeared, and 
persisted for \ mm. The outer plates were pressed down over the 
inner series so that little trace of an ambulacral groove appeared. It is 
this displacement combined with solution which has in ill-preserved 
specimens, and these are the majority, left little or no trace of a 
distinct inner series. The evidence of the behaviour of the inner series 
ih the mouth region was quite conclusive, however, as to their 
individuality* Here they separate out just as do the ambulacral 
C^des forming the mouth of the skeleton of Asteroids. This 
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separation, -which is q^nite distinct, causes the inner series to occupy 
a position which is incompatible with the view that they are the 
inturned edges of the outer series of the ambulacral plates. 

Traces of the aljoi al ambulacrum may be seen squeezed through on 
to the ventral surface. The ambulacral plates in this region as noticed 
by Gregory appear much narrower than those of the ventral surface^ 



Jjtner nisv Kenc 

T»xr Piofl. 4 and 5.—Portions of Half Pyramid of Pafftodiscm Fig. 4, 

int<^mal xxayf^p.l.ypHtcesiUs lahialU\ Unttm einin«ntfit p^rnmidale ^} 

c,, cut away portion of pyramid. Fig. 6, external view $ concave 
outer surface j n, ridges on pyramid. 

In two of the inter-radii examined were portions of pyramids. It was 
found possible to reconstruct the proximal portion of one of these. 
The lateral surfaces still preserved the ridges which served for the 
attachment of the interpyramidal muscles. They were concave, as 
they are in the young Echinoid (Lovi^n 11), and thus present 
another of the embryonic features so peculiar to Palseodiscus. The 
external surface is deeply cut away. The median elevation forms a 
well-defined “processus labialis.” Towards the proxinml end of the 
exterior surface there is a notch, which is continued distally in the 
substance of the pyramid. This I cannot find represented in recent 
Urchins. The “ Liness emineutes pyramidales ” (Val.) are well definedL 
The stmeture of the teeth in recent Echinoid has been dwiribed by 
Giesbrecht. Giesbrecht, from a study of the root end, showed that 
the wings of the tooth arose hy the superposition of lamellae, which, 
as the tooth was examined as it approximatexi to the mouth, became 
intimately connected by secondary calcification. Lov^n (U, p. 9) 
noticed these lameliw in the tooth of the very young Echinoid, and 
also that these lamellar structures soon disappeared, presumably by 
secondary calcifications. The tooth of PalseodiScus shows embryotde 
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features in the distinctness of kraellsc through by far the greater 
portion of its substance, and by the absence of secondary calcifications. 


TaatT Pio. 6, Tsxt Kio, 7. 



Tkxt Fia, 0.—Section Uirough tooth of Palatodincus fero» ; I »» lamelli®. 

Tkxx li'io. 7.—Piagrammatic reproduction of cross section of an ambulacrum of 
Palaodiacua ferox \ o.a,^ outer series of plates ; i.s., inner series. 

Text Pio. 8.—Diagrammatic reproduction of cross sect ion of an ambulacrum of a 
Lepidodixcua {Agelaerinun) pileus ; /./)., flooring plate; side- 

covering plate i ag.amh.gro, ^ ambulacral groove. 

The Carina would seem, as in the other Echinoids, to be formed of 
dense prisms. 

The Edrioasfsmuka (Billings)^ or Thecoidea (Jaekel). 

History. —The earliest member of this group to come under notice 
was a form discovered by Dr. Bigsby in Canada and described by 
Mr, G. B. Sowerby. Mr. Soworby compared it to “ the arm of an 
Asterias lying oh an Echinoid,” but felt himself unable to determine 
its near affinities. 

Forbes, in 1848, described an English specimen of the same group 
under the name of Agelacriniks Burhiamis. Forbes remarks, ** One 
impoitant point is strongly suggested by the structure of the arms 
and arm grooves in this curious genus, viz., that it is possible the 
attibulacml avenues of all Echinoidse are embodied arms, when embodied 
usually separated by ambulacral plates ; that here we have the latter, 
but no avenues, for the arms themselves are the avenues freed from 
the body, consequently that the anomalous genus Palseechinus (and 
perhaps Archseocidaris also) is an intermediate form between 
Agelacnnites and true Urchins, an abnormal Agelacrinites, so to speak, 
in which the arms have become embodied ” 

Billings, in 1858, described two species which he calls Bdrioaskr 
Sigsbyi and JgdacrinUes Dicksonu The ambulacral groove of Edrioaskr 
Bigd^gi was composed of two series of oblotig ossicles. Between the 
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osedcles were said to be ambulacral pores. This structure offers points 
of rosemblanco to that of star-fish. Billings himself says, I have 
placed E, Bigshyi in the order Asteriadoi because the structure appears 
to me more like that of the star-fishes than those of the Cystidem. 
None of the Cystide® have ambulacra whose pores penetrate through 
the covering of the body, and therefore all such genera as Edrioaster 
Agelucriuitcs and Heniicystites belong to a very difterent division of 
the Echinodermata. When we know more of their structure it is 
probable they will be arranged as a sub-order for which the name 
Edrioasteridaj would be appropriate, as it would suggest their sessile 
condition on the one hand and on the other their affinity to the 
Asteriadte.” Schmidt, in 1874, in his description of Medtes Fnmeffdd 
points out the resemblance of Mesites to Edrioaster. He shows that 
Mesites has a double series of plates, and that between the upper 
series of covering plates are pores. These, however, lead only into 
the ambulacral groove which is quite closed from the body cavity. 
Schmidt on this ground cannot agree that Mesites, at any rate, has 
any affinities with the Asteridw. 

The theory that Agelacrinos and Mesites were connecting links 
between the Cystideans and the Eleutherozoa was further advanced by 
Neuraayr. ‘ Neumayr (16, p. 420) supports his hypothesis by a state¬ 
ment which he attributes wrongly in “ Dio Stamme des Thierreiches ” 
to J. Muller. “Wohl weiss man dutch die Untersuchungen des 
grossen Zoologen und Anatomen Johannes Muller, dass in friiher Jugend 
auch bei den Seosternen die Ambulacralcaniile innen liegen, und dass 
da bei weiterem Wachsthume eine Aendenmg in der Art eintritt, dass 
sich nun erst die definitiven Ambulacral-platten bilden und die Waseer* 
gefasse vom Innern abschliessen, wiihrend der sie nach aussen 
bedeckende Theil resorbirt wird und verschwindet.*’ This double 
series of plates present in the developing Asteroid is, according to 
Neumayr, readily capable of interpretation by comparison with the 
double series of plates in Mesites. 

An earlier paper shows that the authority for this statement con- 
iiermng the developing Asteroid was A. Agassiz. Professor Ludwig 
has given a very complete account of the development of Asteroids and 
kindly answering my inquiry categorically denies Agassiz's statement, 

Schmidt had already exposed the weak point in this theory, namely, 
that there are no passages in Mesites which would compare to the 
ambulacial pores of star-fishes, Mesites has now been definitely 
relegated to the Diploporite Cystideans. The theory that Edrioaster 
and Agelaorinus represent the Eleutheiozoic ancestor has however 
survived, and Bather* claims an independent status for this group as 
d^nite ancestors of free-moving Echinoderms. 

♦ * ITrsatise on Zoology,* LankoflUr. voL S, “ Kohinodkma/* and in raHous 
-papevi* 
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We Iwive seen that Billings demanded pores through the series of 
ambulacra! plates in E. Big^hp^ and Bather has established this fact, as 
also that there is present an uppermost series of covering plates. This 
demolishes JaekePs suggestion (8, p. 45) that the plates through which 
the pores pass might be covering plates. Wliether these pores serve for 
the passage of ampullsc or podia is an open question and we propose to 
discuss it in the later portions of this piper. Hall claims to have 
discovered pores in Agelacrinus. Various authors have, however, 
with regard both to Agelacrinus and other genera, given accounts 
which directly contradict the views expressed above. 

Boenier, in 1851, obtained a mt of Agelacrinm rhmmm which led 
him to surmise that the ambulacra! grove was occupied by single 
flooring plates. 

F. B. Meek, 1873, who described a peculiarly preserved specimen of 
A. dncmuilimm says, “ The shell (of the Brachiopod upon which it 
was sessile) had separated in such a manner as to take with it the 
under side of the Agelacrinitos, and leave its upper side in the matrix 
BO situated as to expose its inner surface. The inner side of each arm 
or ray is here seen to be composed of a single series of quadrangular 
pieces that are not imbricating.” 

Hemicystu latinsculat described by Jaekel (8, p. 17) agrees hi structure 
with the above. Die Kinnen werden hier deutlich unterlagert von 
einer einfache Reihe querverlangerter etwas winklig vorgezogener 
Plattchen.” 

None of these authors discovered in these genera any trace of pores 
in the ambulacral groove. 

J)e.^(riptim.^The evidence of the structure of the ambulacra of the 
Edrioasteroidea, brought forward in this paper, is based upon ground 
sections through specimens of Agelacrinus, especially through a well- 
presetwed specimen of Agelaminm {LepidcHlisciis) pilem (Hall); as also 
upon investigations on a uniquely preserved specimen of AgeUwrinm 
cinrinnxdienm (F. Roemer). 

In all cases when the anal pyramid could not be observed, the anal 
inter-radius was identified from the fact that the rays adjacent to 
the anus always curve towards it. Following the nomenclature of 
Jaekel, the ambulacrum to the left of the anua would be caUed I, and 
the remainder counted clockwiee II, III, IV, V. 

Viewed externally the ambulacra of Lepidodmm pileus are seen to 
be roofed over by an alternating series of plates wliich are shaped 
like a bent finger, fig. 9. These do not completely enclose the groewe, 
there being small interspaces between each covering plate. Both 
longitudinal and transverse section show that these plates also form 
the sides of the groove. There is no trace of any separate dde 
{dates. We may therefore call this upper series of plates 
eovering plates.” There are often slight interspaces between them 
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throughout most of their depth. An examination of the series of 
photographs as also the wax models show that no pores are present 
leading into the interior of the test. These plates were on an average 
13 mm. in thickness, the plates covering the mouth are merely 
enlarged side covering plates. They occupy the angles of those 
inter-radii which border the mouth region. These inter-radii are not 



Text Fios. 0, 10, 11, 12.—Progroisivo views of reconstructed wax model of 
Lepidodi9cn» {A<tdacHmi9) pitsux ; /, /J, .///, /r, V « ambulacra; 

side-ooveriug plates; raouth plate of anal inter-rucUtts \ 

wi.cp,, mouth ooruer plate ; /.p., flooring plates, ^rror in th^ area ^ 
fM amUifaora Aot?e been numhared F, /, J/, '//r IV instead of 
I, IT, III\ ir, r. 

Kio, 9.—Outermost view. 

five in number but three, namely those between II and III, III and 
IV, IV and V. Phis is because a secondary triradiate symmetry has 
been imposed upon the pnmitive pentamerous symmetry of this genus, 
vide infra. 

Two of the mouth-covering plates are of equal size. They are 
smaller than the third, which occupies the angle of the anal inter- 
radius. 

The ambulacral groove is floored by a series of single oblong plates, 
which stretch across the groove, and show no trace of median suture or 
pore, figs. 10,11. They do not correspond in number to the side covering 

plates,butaresomewhatlarger,fig8.10,lL Jaekel(8,p. 17)ha8th0Same 
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oba^rvation with regard to the flooring plates of Homicystis. “ Deren Zahl 
nicht immer genau so gross ist wie die Zahl der Saumplattchen, so dass 
wohl bisweilen je 2 auf einer solchon SiibambulacrabPlatte aufsitzen*” 
I can find no correspondence in number between the side-covering and 
the flooring plates. At times, two side covering plates appear to rest 
on one flooring plate on one side of the groove, figs. 10, 11, but, on the 
other side, the corresponding plates lie on portions of more than one 
flooring plate. This may be duo, however, to secondary distortion* 

The above account of the structure of the ambulacral groove is 
confirmed by a study of a specimen of Agelacrinm cincmmtiefmk, in 
which the side-covering plates have been dissolved away along most of 



the ambulacra. The flooring plates, which agree precisely with those 
of have l>een thus exposed. They show grooves along their 

border, which are the articulation of the upper series, Plate 1, fig. 2. 

The flooring plates enclose the mouth, except in the anal inter- 
radius, In the ground specimen of A, pileus they haw been slightly 
displaced. They are more naturally preserved in the A- cindnmHends 
examined, Plate 1, fig. 2, The fact that the flooring plates do not 
enclose the mouth in the anal inter-radius is a necessary consequence of 
enlargement of this intor-radius. The plates of the mouth are merely 
the flooring plates of the ambulacra. The ambulacra I and V do not 
meat in the angle of the anal inter-raditis, and consequently the mouth 
ring cannot be completed by these plates. The enlargement of the 
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anal inter-radius has also produced the secondary fusion of radii 
I and II, and IV and V, a phenomenon not confined to Agelacrinus, 
but one found commonly in the Pelwuatozoa. Jaekel (8, p. 8) has called 
attention to this, ** Diose Verschiebung der Gaheiung swei Strahleu findet 
aber liberall bei Folnmtozoen im amilen Inter-radius statt, wo sioh die 
Primarporen, das Parictalsoptum und der After zwischen zwei Strahlen 
einsohieben. Dadurch wird die Abgliederungsstelle der Badien I 
und V etwas nach deii Seiten versclioben.” The calcification of the 
plates mtwt be secondary to the location of the internal organs, for 
these are formed first during ontogeny. Secondary symmetries in the 
ambulacral plates are tlius readily accounted for. 

E 




43 


AJinities of Palmddi$euB and Agelaerinm, 


The mouth ring i« further strengthened by plates, virhich underly 
the mouth-covering plates. These occupy the angles between II and 
III and III and IV. The third, which underlies the large mouth- 
covering plate of the anal inter-radius, completes the mouth ring in 
this region. It has been somewhat attacked by solution in both cases 
examined. The flooring plates of the mouth ring are thicker than 
those of the remainder of the ambulacra. No trace of any plates 
are to l)e observed underneiith them. This would seem to indicate 
that the central part of the vonti'al region of Agelacrimis was occupied 
by a motnbraiie with calcification weakly, or not at all developed. A 
similar appearance has been described in Edrioaster by Forbes and 
Biithor. Bather has supposed that by the pulling in of this membrane 
a vacuum would be produced, thus fixing the animal to the sea floor. 

No trace of any Madreporite was observed in Agelacrinus. Jaekel 
demands the absence of this organ throughout the Edrioasteroidea. 
Bather has, on the contrary, interpreted a structure on the thecal plate 
near the mouth in the anal inter-radius of Edrioaster as a Madreporite. 

TIisoretiail Conclusions .—We have seen that there are two distinct 
views as to the structure of the ambulacrum in the Edrioasteroidea. 

1. That which has found its latest supporter in Jaekel asserts that 
the ambulacral groove possesses single flooring plates. No openmgs 
are present between these, or, if they were present, they served as 
genital orifices. 

2. That which is advocated by Dr. Bfither, founded upon a study of 
Edrioaster. This states that there was a double series of alternate flooring 
plates. Between these were openings, through which passed ampullae. 

The results of the above investigation shows that Jaekel is correct 
with respect to the structure of the ambuh^c^al groove in the 
Agelacrinidae. There appears no reasonable doubt, however, that 
Edrioaster possesses a double series of alternating flooring plates, and 
between these plates are pores. Dr. Bather has been kind enouj^ 
to show me an exceptionally well-preserved specimen of Edrioa^ 
Bigshyi^ which leaves no doubt upon this point. Dr. Batheris view 
that rtirougb these pores protruded either poiiia or axnpuUas, is, 
however, open to criticism. The pores are at the extremity of a 
groove, in such a position that they lie immediately under the hinge 
of the covering plates. The groove which leads to the pore opens out 
gradually, and suggests that it served to carry water to the pore, 
which would then have a respiratory function. That some members of 
the Edrioasteroidea should show respiratory pores, whilst others do 
not, is in accordance with the structure ^ the group as a whole. 
Jaekel divides the Edrioasteroidea into two sub-groups. The The- 
cocystidese, including Edrioaster; and the Agelacrinidae. The former 
ate oharaeterised' by their firm skeletons, the latter by their imbti- 
oatfng plates. Tim forms with firm skeletons would require respiratory 
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pores. The Agekerinoidea would, on the contrary, present large 
surfaces of membrane to the surrounding sea-water when they were 
not in the state of collapse in which they are generally found. 

There is very strong evidence that no member of the group, 
primitive as it is, lay in a direct ancestral line between Pelmatozoa 
and Eleuthiirozoa, as advocated by Hmckel and Bather. No Edrio- 
asteroid is known which does not possess both covering and flooring 
plates. The Asteroids, which lay at the base of the Echinoid stem, 
as wo shall now seek to show, possess only a single series of ambulaoral 
plates. The assertiot^ of the presence of a double series in the 
embryo is without foundation. It is impossible to suppose that the 
complicated ambulacrum and firm skeleton of Edrioaster gave birth to 
the primitive simple ambulacrum and movable skeleton of the Asteroids, 
With regard to the relationships between the Asteroids and Echinoids, 
Johannes Muller remarked in 1853: Die Vergleiohung eines Heeigel 
und eines Seesternes war immer ein anziehender Punkt fiir die Specu¬ 
lation.^’ In this same paper, Muller (15, p. 170) draws comparisons 
which have since become classical. “Stellen wir uns vojf, die 
Ambulacralplatten des Echinus weichen auseiimnder, und werden durch 
Haut vereinigt, umwachsen a])er das Ambulacralgefasa und den Nerven 
von unten, so erhalten wiraus dem Echinus die Asterie; atellen wir una 
eine Asterie vor, bei wolcher die hautigen Gebilde iiber die Nerven und 
Oefasso von den Ambulacralplatten aus ossificiren, und lasaen wir 
die Nath der wirbelartigen Fortaatze unter den Gefa^sen weit klafferi, 
so erhalten wir aus dor Asterie die Verhaltnisse der Ecbinen. En 
dritter Fall ware, dass die Ambulacral-platten zugleich die Vereinigung 
der Echiuen iiber clem Nerve und Gef^s erzielen, als die FortsS-tze 
der Asterien ontwickoln. Dieses kommt in dor That bei Cidaris am 
vorderen Theil der Ambulacra vor, wo die Ambulacral-platten an der 
innem Seite der Porenreihen Fortsatzo senkrecht nach innen gegen 
die Hohle der Schale abschickeu, welcho von beiden Seiten die StEmtne 
der Ambulacralgebilde zwischen sich nehmon.*’ 

“Ausaer Cidaris hat auch Clypoaster rosaceus und altus oder 
uberhaupt die Gattung Echinanthus denjenigen Theil der Ambulacral- 
platten, welcher den vertebralen Fortsatzen der Asteriden analog ist, 
in der innern Tafel ihrer Ambulacral-platten. Hier nehmen alle 
Ambulacral-platten daran Theil und es tritt sogar die Vereinigung 
von rechts und links durch Nath ein, Dieaer Ambulacralboden iiegt, 
wio bei den Asteriden, unter den Stammeu der Ambulacralgefitese und 
Nerven. Dagegen ist die liussere Tafel der Ambulacral-platten fiber 
dem Nerven- und Gefasstamme analog der h&utigen Bedecktmg 
Ambulacra der Asteriden. Damit ist nunmehr sattsam bewieseu, daes 
in der That der Bau dor Ambulacra in den Echiniden und Asteriden 
ganzlich abweicht und dUrfen Cidaris umj Echinanthus alg der 
SchluBsel zum Versttindniss dieser Abweiobungen angesehen “werd^^^ 
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The justice of these observations is strikingly illustrated by the 
discovery of the double aeries of plates in Pateodiscus. The lower 
series of ainbulacral plates in PalcBodieeus must be regarded, just as 
the auricles of Echinus and the ambulacral pi’ocesses of Cidaris, as the 
representatives of the ambulacral plates of the Asteroids. 

Lov4n (11, p. 38) has shown “ that the auricles of the Ectobranchiates 
are seen to adhere to the ambulacra as distinct and independent parts 
joined mainly to them by means of articulation, and to increase by their 
own growth, both surfaces, the aurictilar and the ambulacral, during 
the constant fluctuations of absorption and renewal mutually main¬ 
taining their firm connection.” 

This stiitement shows that embryology justified the homologies drawn 
above, and that wo have in the embryo two distinct series of plates,, 
the outer of which are the true Echinoid plates, the inner which become 
auricles are the Asteroid ambuiacrals. 

Seraon and Lang have suggested that the true Echinoid plates may 
be derived by the overgrowth of the adambulacral plates of Asteroids,, 
a view which would support this theory. 

We*mu8t conclude, therefore, that whilst a double series of plates, 
namely, an outer series peculiar to the Echinoid, perhaps derived from 
the adambulacrals of Asteroids, and an inner series homologous with 
the plates of an Asteroid occur iti the ambulacrum of all the Echinoids,. 
a complete double series occurs in Palmocliscus, which is therefore 
entitled to be placed at the base of the Echinoid stem. It is not alone 
in the structure of the ambulacra that Palteodiscus shows itself to be 
the most primitive of Echinoids, for we have seen that the inter- 
ambulacral areas present many ideally pjimitive Echinoid structures. 

That the transition must have been from Asteroid to Echinoid 
and not vice the possession of a lantern of Aristotle by the latter 
forms is quite sufficient proof. 

MacBride (12, p. 316) in a recent paper has adduced embryological 
evidence to derive the Echinoids from the Asteroids; he shows: “ That 
in the just nietamorphoeed sea urchin the humped dorsal surface ia 
greater in extent than the flat ventral one, and the radial canals extend 
straight outwards from the water vascular ring and end in prominent 
terminal tentacles, both of which are Asteroid features.” MacBride also 
rmnaris upon the highly developed Pedicellarias amongst the 
Echmoidea.” Amongst Asteroidea they are by no means universal, and 
niimerous transitional forms are found showing their origin from the 
spines; in a word, pedicellariss have been devebped amongst the- 
Asteroidea and inherited ready-made, so to speak, by the Echinoidea. 

As to the Pelmatozoan ancestor of the Eleutherozoa it is better tc 
leave that in the realms of controversy, Asteroids are known from the 
ejambrian period, and it is very probable that this ancestor was 
pre-C^brian. 
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On the Action of Radium Emanations on .Diamond/* By Sir 
WnxiAM Crookes, F.E.S. Received June 9, —Read June 16, 
1904 

When fliamonda are exposed to the impact of radiant matter in 
a high vacuum they phosphoresce of different hues, and assume a 
dark colour, becoming almost black when the bombardment is long 
continued.* 

Some diamonds blacken in the course of a few minutes, while others 
require an hour or more to discolour.! This blackening is only super¬ 
ficial, and although no ordinary moans of cle^lning will remove the 
discoloration, it goes at once when the stone is polished with diamond 
powder. The fact that the black stain is not affected by ordinary 
oxidising rwigents would seem to show that it is not due to a layer of 
amorphous carlx>n; but it might be graphite, which is much more 
resistant to oxidation. Becquerel hm shown that graphite is con¬ 
verted into graphitic oxide by long digestion in a warm mixture of 
potassium chlorate and strong nitric acid, while diamond—even in a 
very finely powdered state—is absolutely unaffected by the mixture. J 

^me forms of graphite dissolve in strong nitric acid; others require 
a mixture of highly concentrated nitric and potassium chlorate to dis¬ 
solve them, and even with this intense oxidising agent some graphites 
Resist longer than others. M. Moissan has shown that the power 
of resistance to nitric acid and potassium chlorate is in proportion to 
the temperature at which the graphite has been formed, and with 
reasonable certainty we can estimate this temperature by the resistance 
of the graphite to this reagent. 

Judging from the long time required to remove the superficial 
darkening from diamond, the graphite is as resistant as that formed at 
the temperature of the electric arc. 

On one occasion when I had blackened the surfaces of diamonds by 
molecular bombardment in vacuo M. Moissan was present, and took some 
away mth him for further examination. He subsequently reported the 
results in the * Cornptes Bendm'^ He heated the diamond to 60“ in an 
oxidising mixture of potassium chlorate and fuming nitric acid prepared 
from mono-hydrated sulphuric acid and potassium nitrate fused and 

♦ > mi TmM,; 187», Part H, p. 658, par. 625. 

t At a Isoture before the Royal Institution on June 11,1807,1 exposed a flat 
maols crystal of diamond to radiant matter bombardment before the audience for 
about 5 minutes, a strip of metal oorering part of the stone. On remoring the 
diamond from the vacuum tube and projecting its image on the screen with the 
eleotrio lantern, the image of the darkening was very apparent. 

t ^ Ann. de Ohim. et do Phys.,* [4], vol. 18, p. 892. 

I toL124,l!ro.l8. 
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quite free from moieture. The action on the black layer is very slow. 
There is produced graphitic oxide, which at an increased temperature 
yields pyrographitio acid, easily destroyed by nitric acid. Hence 
the variety of carbon which coated the diamond was graphite. 
He transformation of diamond into graphite requires the high tempep- 
turc of the electric arc. The higher the temperature to which graphite 
is raised the greater is its resistance to oxidation. M. Moissan concludes 
that the temperature reached by the surface of the diamond in my radiant 
matter tul>efl is probably about 3600“. 

The ^-rays from radium having like properties to the cathode stream 
in a radiant matter tube, it was of interest to ascertain if they would 
exert a like difference on diamond. Two Bingara diamonds, A and B, 
weighing respectively 0*960 and 1*020 grains, were selected as near as' 
the eye could judge of the same size and colour—very pale yellow, 
technically known as “off colour.” Diamond A was put in a drawer 
far removed from radium or any radio-active body. Diamond B was 
kept close to a quartz tube containing about 16 milligrammes of puro' 
ra^um bromide sealed in tmm. It phosphoresced brightly and con¬ 
tinued to glow the whole time of the experiment. 

After a fortnight the two diamonds were put side by side and com¬ 
pared. T could see no appreciable difference in colour between them. 
Diamond B wfis now replaced close to the quartz tube of radium, and 
they were kept in contact for six weeks. At the end of that time 
examination again showed scarcely any difference between the two. 
The one which had been near the radium might be a little the darker 
of the two, but the difference was too slight to enable mo to speak.« 
positively. 

Diamond B was now put inside a tube with radium bromide, the 
salt touching it on all sides, as it was thought possible that a screen of 
quartz might interfere with the passage of emanations which would act 
on the diamond. The comparison diamond was kept removed from 
the emanations as before. The experiment was continued for 78 days^ 
when the two diamonds were again examined. There was now a. 
decided difference in colour between them; diamond A was of its 
original pale yellow “off colour,” and diamond B was of a darker 
appearance and of a bluish-green tint, with no yellow colour apparent. 

It thus appears that the property which radium emanations possess 
of darkening transparent bodies which they impinge upon—a property 
very marke<l in the case of glass, and less with quartz—also holds 
good in the case of diamond. 

Diamond B was now heated to 60* C. in a mixture of strongest’ 
nitric acid and potassium chlorate for 10 days, the mixture being 
renewed each day. At the end of this time the diamond had lost its 
dull surface colmu*, and was as bright and transparent »aa the other 
stone, hut its tint had changed from yellow to a pale blue-green. 
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The radium emanations have therefore a double action on the 
diatnond. The jS-rays (electrons) effect a superficial darkening, con- 
verting the surface into graphite in a manner similar to, but less 
strongly than, the more intense electrons in the cathode streiim. But 
the alteration of the body colour of the stone by emanations which are 
obstructed by the thinnest film of solid matter, even by a piece of thin 
paper, is not so easy to understand. A superficial action might be 
expected, but not one penetrating through the whole thickness of the 
diamond. I l>eliove the alteration of colour is a secondary effect; in 
presence of radium the diamond is extremely phosphorescent, and it 
continues to shine during the whole time of the ex{>eriment. This 
constant state of vibration in which the diamond was kept for many 
weeks may have caused an internal change revealing itself in a change 
of colour. Indeed, it is not difficult to suppose that a chemical as well 
AS a physical action may result. If the yellow colour is duo to iron in 
the ferric state a reduction to the ferrous state would (piite account for 
the change of colour to a pale blue-green. 

This alteration of colour may be of commercial importance. If “off 
colour ” stones am be lightened their value will increase, while if the 
prolonged action of radium is to communicate to them a decided colour 
they would be worth much more as “ fancy stones. 

[Added Jvne 16, 1904.—After the 10 days^ heating in the above acid 
mixture the two diamonds were put together in a glass tube and carried 
about for 25 days, sometimes loose and sometimes in the tube. They 
then were laid near together on a sensitive film in total darkness for 24 
hours. On developing, diamond B ha<l impressed a strong image on 
the film, but only a very faint mark could be seen where the other 
diamond had been. Probably this slight action was due to a little 
radio-activity induced in A during its 25 days' proximity to B. 

The experiment was then repeated for confirmation, allowing the 
diamonds to remaiu on the sensitive surface for only 5 hours. Ort 
development, a good image of diamond B was seen, but not so black 
AS in the former case. 

The fact that diamond B was strongly radio-active after it had been 
Away from radium for 35 days, for 10 of which it was being heated in 
A mixture powerful enough to dissolve off its outer skin of graphite, 
aeems to me proof that radio-activity is by no means a simple 
idwnomenon. It not merely consists in the adhesion of electrons or 
mnanatious, given off by ra^um, to the surface of an adjacent body, 
bufc ihe paroperty is one involving deep-seated layers below the surface, 
and like the alteration of tint is probably closely connected with the 
inteusp phosphorescence the stone had been expeiioncing during its 
7B ^ys ■ burial in radium bromide.] 

K 
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** Oil a Direct Method of Measuring the Coefficient of Volume 
Elasticity of Metals.” By A. Mai.lock, F.E.S. Received 
April 19,—Bead June 2, 1904. 

For most hard materials the coefficient of volume elasticity is usually 
calculated from moaBuroments of Young's modulus or of the coefficient 
of rigidity, either of which, when Poisson's ratio is known, suffices for 
iU determination. Although, however, the total alteration of volume 
for a given pressure can be calculated from the coefficient th\i8 obtained, 
it is only for isotropic material that the alteration of dimensions in any 
given direction can Ito inferred from it. 

The following direct method of measuring the coefficient of volume 
elasticity is of some interest, as it allows of the linear contraction or 
extension in any given direction, caused in a substance by fluid pressure, 
to be measured independently of other changes of form. 

When a long circular cylinder is acted on by internal fluid pressure, 
if the walls are very thin compared to the diameter of the cylinder, 
the stress in the material parallel to the axis is just half the stress at 
right angles to the axis in the tangent piano. The conditions of strain 
and stress in the walls of the cylinder can be expressed in terms of the 
volume elasticity and rigidity of the material iis follows:— 

Consider a small cube of the material, with edges parallel to the axis 
(X), radius (Y), and tangent of circular section (Z) of the cylitider 
respectively. Let K be that part of the stress which produces 
alteration of volume, and and the jairts which produce shear in 
the planes XZ and YZ. 

The total force acting parallel to Y, in the <lirection of the 
radius, vanishes in comparison with the forces at right angles to it 
when the walls of the cylinder are thin, for while the radial force is 0 
at one surface of the cylinder, and equal per unit area to the fluid 
pressure (P) on the other, in the two directions at right angles to the 
radiits the stress is of the order Pr/f 2F), where r is the radius and 
i the thickness of the wall 

Hence we have the following relations l>etweon K, N, and F: 


K + Nata + Nyif «= 2P'. (1), 

« F... (2), 

K - Ny/ » 0. (3), 

whence K =» F .... (4), 


That is, the alteration in the length of a cylinder caused by fluid 
pressure depends solely on the coefficient of volume elasticity.^ 

Since K is that part of the applied force which goes to produce 
alteration of volume, we have, if k be the coefficient of volume 

* It may be ihown that this result is iudependout of the thielcitess of the 
of the eircular cylindrical tube. 
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elasticity (#c « + and ea;, <?«, the alterations of dimensions 

caused in the cube by volume expansion in X, Y, Z, 



In isotropic materials — t<y ^ #c, and ^ so that 

' K «. l\me. 

The ease with which minute variations of length can be measured 
in the case of rods or tul) 0 s allows of a \"ery accurate determination of 
that component of K which refers to stress parallel to the axis of the 
tube. For this purpose it is merely necessary to so mourit a suitable 
length of tube of the material to bo experimented on that it can be 
subjected to strain by internal fluid pressure, and the variation of 
length caused by that pressui'e l)e observed. 

I have used this method with steel, copper, and brass tubes in order 
to see whether annealing altered the value of k. The arrangement 
employed is shown in fig. (1). 

Kio. 1. 



The tube AB is closed by caps at each end. Through the caj) at B 
a small pipe connected with a pressure pump and gauge is introduced. 
The cap at A has a small hole in it, which can be closed with a plug 
after the tube has been filled with water. 

The tube is embraced at C and D by gymbal rings fig. (2) whore the 
steal points EE^ are closed on the tube, and the pivots FF' rest at 
(D), %, (1) on a fixed support, and at C, fig. (1) on a rocking support 
G. This rocking support carries a small reflecting prism H, whose 
tipper surface is parallel to the axis of 
the tube, and passes through the axis 
EF of the gymbal ritig. The move¬ 
ment of a mark on this surface of the 
was measured by the microscope 
(2)a f-inch objective being used. 

- The only practical difficulty met with 
variation of temperature of the 
the experiments. From 

it was generally found that the aero was slowly altering, 

■ 


irm. 2. 
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but the temperature effect can be readily eliminated from the 
observations. 

In the experiments, the resiilts of which are recorded below, the 
maximum fluid pressure in the tube was 400 lbs. per square inch. 
The longitudinal extension was measured at 100, 200, 300, and 
400 lbs. pressure, and the extensions when corrected for temperature 
and plotted in terms of pressiu'e lay on a straight lino within the 
limits of error. 

Table of Results. 


Condition, 

Length 

between 

support* 

in 

inohes. 

OuUide 

diam. 

in 

inohes. 

Thioknoss 
of wall 
in inchea. 

Total 

extension at 
400 lb». 
per Bouar© 
ineh. 

8«jr 

in CAB. 

unitft. 

! 

K 

from experi- 
xnenU.* 

Seamless Steel Tube, 

Hard 

60 

0-76 

n .Aiofi 

2 -8 X 10-‘ 

18*4x10'* 

18*41x10" 

Annoaiod 

U wlVv 

*•76 

18-2 „ 



Solid Drawn Brass Tube. 


-- 

Hard 

50 

0*415 

0 0165 

2-12xl0-» 

1106 X10" 

Different 

•ampler 

from 

10*85 K10“ 
to 

10*02 

Annealed 

2*00 „ 

1076 „ 

Solid Drawn Copper Tube. 

Hard 

so 

0*4485 

0*0882 

662xl0-‘ 

28x10" 

16*84x10" 

Annealed 


7-1 „ 

16 *2 


• From ET©rott*fl “ O.Q-.S. 8;jrBt«m of 


The value of S/c* is given in the table to facilitate comparison vii%h. 
other measures, as Sk* is the value k would have if the material 
the same properties in all directions as it has in that of the axis of lie 
tube. 

The case of copper is remarkable, for in its hard drawn state it 
extends less in the direction of the drawing than a similar tube of steel 
would when equally strained ^ ^ ^ ^ ^ ^ ^ ^ 
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On the Kelatiori between the Spectra of Sunspots and Stars/' 
By Sir NuimAN LockyK it, KC.B., LLTl, J?\K.S. Received 
June 8,—Read June 16, 1904 

As the period throughout which the observations of widened lines 
have been made at South Kensington now includes two maxima and 
three miiumu epochs of solar activity, it has seemed desirable to 
discuss the results obtained, taking into account the chemical origins 
of the hnoB affected in passing from the photosphere to the sunspot 
nuclei. This is going on, but in anticipation of its publication, I 
desire to direct attention to one of the conclusions arrived at in its 
bearing upon the questiot^ of the temperature conditions of the 
Aroturian and lower type stars, which formed part of the subject of 
a recent paper.* 

Since 1894, when the last discussion of the widened line results 
was published,! nearly 10,500 observations of lines in sunspot spectra 
have been made at South Kensington. An analysis of these lines, 
in respect to their origins, shows that ekmmts chujltj affecM during 
ihepmod 1892—1903, indmmiy were Farmlium and Titammi. 

The great importance of Vanadium and Titanium in sunspot spectra 
has also been demonstrated by Father Cortie during his observations 
in the B—D region at Stonyhurst.l 

It was foreshadowed in a previous paper on the chemiciil classifica¬ 
tion of the stars§ that it seemed probable that, as the result of further 
work, the genera ” then proposed might have to be split up into 
** species.” During the more recent research mentioned al>ove the 
temperature classification was tested l)y oompjiring the relative 
intensities of the red and ultra-violet ends of the spectra of stars, 
situated on various horizons of the temperature curve, including 
Capella and Arctums, which, according to the original gerioral 
claasification, belong to the same type, viz., “ Arcturian.” It was 
found that the spectrum of Capella extended on an average about 
70 tenth-metres further into the ultra-violet than that of Arcturus, 
whilst the red portion of the spectrum is certainly stronger in the 
latter. That is to say, i/w genm'al tempmdwe of Ardurm is p'ohahly 
gpgn^mablf Imoer than that of Capeila, 

Hie next step v'as to see if chemical change accompanied this 
reduction of temperature, and if so, whether the change was in any 
Wy related to the change from the photosphere to the sunspot 
apeetaixm. 

Beo. Proo..’ vol. 78, pp. 227—238, 1904. 
t - Eoy. Soo. Proo./ 87, p. m, 1894. 

z ' Monthly JJotics* (K.A.8.),' vol. 63, No. 8, pp. 476-480, Juno, 1903. 

} ‘Boy. Soc. Proc.,* tol. 66, p. 191,1896, 
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In comparing, for this purpose, the spectra taken with the 6-inch 
Henry prismatic camera it was noticed that certain lines were 
relatively intensified in pissing from the spectrum of Capella to that 
of Arcturus. 

Similar comparisons of the Fraunhoferie spectrum with the spectra 
of Capella and Arcturus respectively were next made, This work led 
to the following conclusions :—(1) That the Inie al>8orptions of Capella 
and the sun are practically identical; (2) that although, speaking 
generally, the same lines occur in the spectra of the sun and Arcturus, 
yet in the latter many lines are relatively more intense than in the 
former. Moreover, in the groat majority of such cases ty lineB so 
iidendjled a?v< prohahly dW‘ to Vamulimo and Titanitmi. 

Thus we see that whilst the temperature classification mentioned 
above certainly places Arcturus on a lower temperature level than 
Capella and, therefore, the sun, the evidence obtained from a study of 
the line absorptions of Arcturus and of sunspots indicates very clearly 
that the tem])erature of the Arcturian absorbing atmosphere is al)out 
the same as that of the sutispot nuclei during the above-mentioned 
period. 

This conclusion justifies the ideas formulated by De la Kue, Stewart, 
and Loewy that the spots arc produced by the dowumsh of cooler 
material. 

In a recent ptiblicatiou,* which has been received here since the 
above-mentioned compirisous were completed, Professor Hale suggests 
that Ixjeause the lines which are widened in sunspots appear as strong 
dark lines in Piscian sUirs, the effect may be produced Imcauae sun* 
spots are more numerous in such stars. From the evidence adduced 
above it seems a far more probable explanation to suppose that these 
lines are inteiisified in sunspots, and strengthened in those stars which 
have been placed on lower temperature levels than the sun, because 
the general temperature conditions are similar. That is to say, the 
fall of temperature experienced by the metallic vapours in passing 
from the photosphere tr> the 8|>ot nucleus is of the same order as that 
to which an absorbing atmosphere is subjected in passing from the 
temperature conditions of Capella or the sun to that of Arcturus or 
the lower temperature stars, 

• “ The Spoof m of Stars of Soct*)ii’« Fourth Typo (* The Pooennial FabUcatioiii^^ 
Chicago XJniroftity, 1903). 
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" On the Physical Itelation of Clilorotbrm to Blood/" By A. B» 
Walleu, M.D,, FJi.S, Received May 5,—Read June 9,1904. 

In connection with the preliminary communication by Moore and 
Roaf on certain physical ainl chemical properties of solutions of chloro¬ 
form in water, sidine, serum, and haBmoglobin,* it may he of interest 
to publish the following communication. The close similarity of the* 
conclusions arrived at independently by different observers is such as 
to render the two communications mutually corroborative, and although 
the present communication forms part of a report by A. IX Waller and 
J. H. Wells, which is technically the property of a Special Chloroform 
Committee of the British Medical Association, there is obviously no 
reason why it sliould be withhold from publication. It was originally 
presented as long ago iis June 10, 1903, and I have since that time 
extended the experimental data upon which the conclusion rests. In 
order, however, to preserve the complete independence of the two 
contributions 1 have preferred to communicate it in its original, and 
perhaps imperfect, form. The importance of the blood as a chloroform 
carrier, by reason, presumably, of an tiasily dissociable compound, is 
the conclusion of principal importance arrived at in l>oth series of 
investigations. 

The original text of the report is as follows :— 

“Our attempts to recover a known weight of chloroform from blood, 
by the French method (extraction in vacuo followed by digestion with 
alcoholic potash and titration of chlorides), led us to make two simple 
experiments that very strikingly illustrate the fundaniont^il difference 
between blood and simple salt solution or water as regards their 
absorptive power towards chloroform vapour. The first of these 
experiments shows that equal volumes of }>lood and of normal siiline 
are capable of absorbing very different volumes of chloroform vapour. 
The second shows the converse fact that very different volumes of 
chlorofoTtn vapour are obtainable l>y evacuating equal volumes of 
blood and of water, or of normal saline. In the first experiment the 
absorption by blood is greater than that by water, In the second 
experiment the delivery from blood is less than that from water. The 
inference from these two data is that blood possesses greater affinity 
lot chloroform than does water, and that, therefore, in the transfer of 
chloroform by blood from the pulmonary air to the nervous centres 
that fluid does not act as a simple solvent, but rather as a temporary 
retaining and restraiuitig medium, tluit helps to convert irregular into 
constant flow. The blood has thus a controlling effect upon the 
process of anaesthesia that may lie compared to the action of a fly- 

* Oommmiiostocl by Profosaop Sherrington, received April 12, read May 6,1904. 
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wheel, or to that of the arterial elaatioity, hy which intermittent force 
effects constant flow. The blood acts as a chloroform reservoir (or as 
an ether reservoir if ether be the anaesthetic employed). 

In the fird expenment we compared nmnometrically the absorptive 
power of blood and of water by introducing a known volume of each 
liquid in the two identical closed flasks connected with two petroleum 
manometers, and previously filled with chloroform and air of identical 
percentage. 

The figures of a first trial wore as follows for 50 c.c. of blood* and 
of water respectively in flasks of 600 c.c. capacity filled with chloroform 
vapour at 17 per cent.:— 


Time of 
absorption. 

FJask A. 

W fttcr-absorption 
pressure. 

Flask B. 

Blood' absorpt io a 
pressure. 

1 min. 

186 mm. 

243 mm. 

20 mins. 

191 

2^6 

GO 

1 

192 

246 


A second tiial, with the blood and water transposed, and the flasks 
charged by chloroform and air at lower CHCls percentages gave:— 


CHCl, in flMk. 

Time of 
absorption. 

Flask A. 

Blood •absorption 
pressure. 

Flask B. 

W ater-absorption 
pressure. 

10 per cent. 

4 mins. 

110 mm. 

66 mm. 


7 

140 

82 


12 

156 

68 


16 

167 

90 


21 

170*5 

02 

« 

0 

85 

84 


4 

62*6 

48 


9 

69 

44 


16 

71 

45 


17 

72 

50. 


60 

76 

64 


• blood in this oxporimont wan taken from the chloroformed animal, i.*,, 
oontained eo*ne cliloroform. Blood fully sattirated with chloroform ha» no further 
abeorptivo power. Blood from an unohloroformed animal hae a maxbnutn abaorp- 
tire power. We have made preliminary trials to leam whether a rapid method Of 
ftftimating the degree of aaturation of blood with chloroform can be baaed on tbk 
principle, but our result# at present arc not suffioienlly advanced for reptwt The 
figures given in the text are preliminaiy approximations, obtained by a l^t tiiitl of 
a method which will require much farther elaboration as regards its apparatoi> Xt 
will be rtotioed that the gross difference in favour pf blood o(mies o^t in 
tlie fact that the water value and solvent power of blood are about O'd thatof ; ; 
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Tbe first part of the absorption is lost in each case during intro: 
fluction of fluid into the bottles, The first pair of readings are ' 
taken at the end of the second minute. The second readings at the 
end oi the fourth minute, whan both Imttles are equally shaken for half 
a minute, after which the third readings are taken. The fourth and 
fifth readings are similarly taken at the seventh minute, the bottles 
being shaken a second time, Sg. 

The bottles are left at rest for 7 minutes before the last readings/ 
which show that the absorption has been nearly but not quite 
completed. 



The vapow in the two bottles was then passed into and through 
hwo densimeter bulbs by water displacemeut. The increments of 
Wght in the two oases were : in A 0*054 gramme^ in B 0*032 gramme, 
that the residual atmosphere in A (water) eontained mmre 
. ^orptoria vapour 
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In the mond esope^im^t the apparatus consisted of (1) a diatilHng 
fUusk (containing the fluid ti> l>e evacuated, atid a known weight of 
chloroform in a small glass lmll>), (2) a receiver, and (3) a Geryk air- 
pump. 

The receiver is first evacuated while shut off from the distiller. It 
is then shut off from the pump, and placed in connection vrith the 
distilling flask, with the result that the liquid in the latter boils and 
gives up its dissolve!I gases, which are for the most part drawn over 
into the receiver. 

The evHCiration of CHCIr is completed (in the case of saline; it is not 
completed in the case of blood) by gentle heat, and by opening the 
irdot of the distilling flask so that a rush of air takes place through the 
distiller to the receiver. The inlet tube is drawn out to a fine piunt, 
and reaches to the bottom of the distilling flask; the outlet tube is 
providetl with a froth-bulb. Finally the quantity of CHCls in the 
receiver is estimated by Harcourt^s method. 

In a fird truU of this experiment with water in the distilling flask the 
result was as follows :— 


Weight of CHCU taken . 0*082 gramme 

„ recovered. 0*065 „ 

Deficit.... 0*017 „ 


or 21 per 100. 

This considerable deficit was attributable to an insufficient capacity 
of the receiver as compared with that of the distiller and froth-bulb. 
That this was the case is shown by the figures of a second trial, in 
which a larger receiver was taken (of 1332 c.c. capacity in place of 
400 c.c. capacity in the previous trial). 

In this setmd trial the figures came out:— 


Weight of CHC1« taken . 0*112 gramme 

„ recovered. 0*109 „ 

Deficit. 0*003 „ 

or 3 per 100. 


The similar oxpenment, with blood in place of water, gave a very 
different result, the deficit of evacuation l)eing much greater, and 
clearly signifying that the chloroform is not merely in solution, but 
held in combination. In a carefully conducted trial made with BO c.c. 
of whipped bullock’s blood, to which 0*108 gramme of CHCla bad 
been added, the weight recovered was only 0*014 gramme; M., the 
deficit was 0*092 gramme, or 85 per cent. It k evident, thertidrmcn, 
that the absorption of chloroform by blood does not follow 
■Jaw. ' 
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This conclusion is in agreement with that atrived at by previous 
observers, Hermann, Schmiedeberg and others, to the effect that 
chloroform combines with the lecithin of blood. It is also in harmony 
with the modern theory of anmsthesk as proseuted by recent writers 
(H. Mayer, Overton, H. Meyer)* to the effect that the action of 
anaesthetics upon the several tissues aiul fluids of the Ixsly depends 
-npou a coefficient of partage, in which the affinity between anaesthetic 
;anfl fatty matter is tlie principally effective factor.” 

From the foregoing oI)serrations (which should properly have boon 
published by the Special Chloroform Committee in J uly of last year) it 
is clear that the conclusions are sniwtautially identicJiI with that arrived 
at by Moore and Roaf, viz., that the absorption of chloroform vapour 
is greater by blood than by saline, and that blood acts as chloroform 
carrier to the tissues just fis it acts as oxygen carrier. It is a mitior 
point of difference bet wee ri the two independently presented conclu* 
^ions, that whereas Moore and Roaf find no proof of any special 
combination between chloroform and “ lipoids ” as previously urged by 
<^erman observers, we have in the report of our experiments admitted 
that the combination which certainly tubes place ])etween chloroform 
-and protoplasm may possibly be accounted for on the lipoid theory. 

But the question M^hethor chloroform can combine with all protoplasm 
indifferently, or with its fatty constituents (lecithin, cholesterin) more 
particularly is a sul)sidiary issue, in resj^ect of which neither the 
oliservations of Moore and Roaf, nor our own, contain any decisive 
^evidence. On the one hand wo are in presence of the fact that all 
protoplasm is subject to the influence of chloroform, on the other with 
the fact that all protoplasm is associated with fatty constituents of 
which lecithin is the most universal representative. Lecithin is widely 
•distributed in vegetable as well as in animal pi-otoplaam ; it is present 
in blood-serum, which, as shown by Moore and Roaf, has a solvent 
power towards chloroform not far short of that poasessod by blood. 

* ‘ G^rundri«« dor Phtirmiikologie ’; OvevtoUf * F^ijtgttv a Arolnv * ; 

H. Moyer, * Ansh. f. exp. Path. u. Pharm,, vol. 42, p. 109,1899; HCbor, ‘ PUywikiil- 
i 0 oh 0 Chemki*; GolHicb, *jErg<<btnwe dor Pliy»tologie,* ‘^Thoorio do Narkose,*^ 
vol. 2, p. 666, 1992. 
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** On the Magnetic Changes of Length in Annealed Eods of 
Cobalt and Nickel” By SHELFOiiti BinwELL, MA.» ScIX, 
F.E.S. Eeceivcd May 16,—Read June 2, 1904. 

The dimensions of a piece of magnetic metal are, in general, changed 
by magnetisation. When subjected to a longitudinal field gradually 
increasing from a small value, an ordinary iron wire is at first extended, 
then, after passing a maximum, it recovers its original length, and 
finally becomes shorter than when immagnotised/ In a paper com* 
municated to the Society in 1894t I showed that the changes usually 
observed were modified if the iron had been annealed. In annealed 
iron the maximum extension is diminished and contraction begins in a 
weaker magnetic field; the elongation curve is, in fact, lowered to an 
extent depetident upon the completeness of the annealing. In the 
case of a certain soft-iron ring which had been raised to a bright red 
heat and allowed to cool slowly for a1>out 14 hours, there was no 
preliminary elongation at all, retraction beginning (just as in nickel) 
wath a very small magnetising force. It is of interest to note that 
after the lapse of 10 years the ring still retains its peculiar quality; 
on May 9, 1904 a perceptible diminution of its diameter was observed, 
with H force of no more than 3 C.G.S. units, the diminution, of course,, 
becoming greater with stronger forces, An unannealed ring of the 
same iron attained its greatest elongation, 33 ten-millionths, in a field 
of 80, and did not begin to contract until the field reached 420. 

In the course of some recent work it became desirable to ascertain 
whether the changes of length exhibited by magnetised cobalt were 
analogously affected. Cobalt in the ordinary condition behaves, 
oppositely to iron, contracting in weak fields and lengthening in strong 
ones. It might be expected, therefore, that if the metal Wore annealed 
it would begin to lengthen at an earlier stage of the magnetisation,, 
possibly without any initial contraction. In searching the literature 
of the subject l>efore undertaking the experiment, 1 found a very 
interesting jmper by the Japanese physicists Honda and Shimizu 
entitled “ Change in Length of Ferromagnetic Substances under High 
and Low Temperatures by Magnetisation.Among the numerous 
curves given are two showing the changes of length produced by 
magnetisation in “ cast cobalt ” and “ annealed cobalt ” at ordinary 
temperatures. The curve for cast cobalt" is of the same character as. 

• nidwell, * Phil. Trane./ A, 188&, p. 205. 

+ * Proo. Boy. Soc,/ vol. 66, p. 228. 

■ ■ X *T0ky6 Hugaku-Buturigakkwai Hokoku,* No. 19, p. 197. Tlte authors wsre 
good enough to wnd ma a copy of the ijapor in 1908 j imtortanutely it was not; 
retd with the care it deaerved until May, 1904. 
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the one published by myself 16 years ago*' (curve (a), fig. 1); that 
for “ annealed cobalt ” is an almost straight line, lying, however, not 
above, but below the axis of H; up to the field of 8CK) units, at which 
the experiment was stopped, there is no evidenoo that the contraction 
was tending to a limit. The authors make no comment whatever 
upon this remarkable eifect, which may perhaps be well known in 
Japan, though I have never seen any reference to it in European 
publications. 

The experiments described in the present paper were made with two 
different samples of cobalt, the one a cast rod, 9 cm. loiig and 0*56 cm, 
in diameter, the other a rolled strip, 10 cm. in length, 0*0 cm. in width 
and 0'08 era. in thickness. These were enclosed in porcelain tubes, 
and placed side by side in the middle of a hot fire, not being removed 
until the fire had died out some 5 or 6 hours later. 

In fig. 1, c\irve {f)) shows the result of an experiment with the 


Fi0.1. 



Annealed cast cobalt. It will be noticed that the points of observation 
appear to indicate a slight sinuosity, but hardly greater than might be 
accounted for by experimental errors ; a straight line drawn from the 
Origin to the final point seems to pass evenly enough through the 
others. The curve agrees well with that giveji by Honda and Shimizu, 
and though the field was carried to a much higher value than was 
reached by them, there is still no sign that the contraction was 
approaching a limit. Curve (a), fig. 1, shows the changes of length exhi¬ 
bit by another piece of the same oast cobalt when in the unannealed 

The effect of annealing upon the rolled cobalt was altogether 
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different. The behavionr of the luiatuiended piece ia indicated by 
curve (^), hg. 2 ; it differs from that of the cast metal chiefly in the tet 
that the imiximum retniction occurs in a much weaker fleld. The curve 
for the annealed strip indicates a maximum retraction greater in degree, 
though it is reached in about the same field. The ascending limbs of 


Fio. 2. 



the two curves are nearly parallel, but it is probable that the curve for 
the annealed strip would in very strong fields become asymptotic, never 
meeting the axis of H; an observation made with a field of 1750, 350 
units beyond the limit of the diagram, showed that the retraction wae 
still 9 ten-millionths of the length. 

The results of two experiments made with nickel before and after 
annealing are given in curves (r; and (/), fig. 3. The piece used was a 
thick wire 9 cm. in length and 0*35 cm. in diameter. After the first 
scries of observations had been made, the wire was annealed in exactly 
the same manner as the cobalt, and again testeil, with the reaultisbown 
in ciirvo{/). The modification effected in the form of the retraction 
curve is quite similar to that which annealing produces in the curve of 
magnetisation, and is probably due to nothing more than increased - 
magnetic susceptibility. No such simple explanation can of course l>e 
given of the changes which are brought about in the,behaviour of iron * 
and cobalt. The fact that the two nickel curves intersect in a field of - 
1150 units may he merely an effect of temperature. The magnetic 
retraction of nickel is, tis I have remarked in former papers, sensibly 
affected by small changes of temperature, and the intersection would be 
aoooiinted for if the annealed wire happened to be a few degrees warmeF ' 
than the unannealed. 

As a consequence of the reciprocal relation between the changes of 
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length produced by magnetisatiori, and the changes of magnetisation 
attending mechanical strain,* it. may be inferred that there would be no 
Villari reversal in well-annealed iron, like that of which the ring alcove 
referred to consisted, nor in annealed cast cobalt. In the rolled cobalt, 
however, to which the curves in hg. 2 relate, it might be expected that 
the effect would bo considerably increased by annealing. 

* J. J, Thomion, * Applioation« of D^namicB to Phyrioii and Chemistry,* 
pp. 47—59. 
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“ A Generalisation of the Functions P (m) and xf." By Rev. 
F. H. Jackson, R.N. Communicated by Professor J. Lakmok, 
Sec. R.S. Received December 7,—Read December 10, 1903. 
Received in revised form June 15, 1904. 

OONTBNTS. 

Introduction; §1. Differcncc.equation of the geueralised gamma-funcuon j 

§ 2. Weierstrassian fopum of the function; § 3. Kilennion of the rauliiplica- 
tion«th©opem of Gauss and liCgcndro; §4, Definition of (***)»; § 5, Extension 
of liomniwrB product of two Bessel functions; § 6. The generalisation of the 
Beta function; § 7. Multiplication-theorem; § 8. Logarithmic derivatives and 
oilier series ; § 9. The form of a genoraliaed O function. 

It is interesting to develope from simple principles n generalisation 
of the functions and I’ (n). Consider an infinite sequence 
(1, p, ;>**, . . . p’\ . . .), then write 

[1] = 1. 

[2] = 1 +p, 


[n] 1 (rt positive and integral),. 

[-n] ^ (a integral). 

In general for all values of .r, we take [i?:] n:: (/i* - l)/{p- 1). The 
object of this note is to carry on this extension, to determine the 
generalised forms of the gumma function, and to investigate some of 
its properties. 

1. Consider the expression 


[ 1][2][3 ]... [«] = [,*]!. 


We can form a function [»]! in general, which is 


ri,([»+il) 


t - oti -h 1] [w + 2] ['U 4* 3] . . , [rt 4- #c] ^ 


(p>l) 
. ( 1 ). 


The inhiiite product is convergent if p> 1. Wherever in this expres¬ 
sion terms of the type p* occur, the principal value of p* alone is 
meant. If a be a negative integer, the product is clearly divergent. 
She Difference Efimtim ,—We have 


, ([a + 1]) - [n] Pp ([«]) 


But L j. 

Kw 
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Since the infinite product (1) i» also convergent, if j?<l, the expres¬ 
sion for the function in tliis wise is 

In the limit when f = 1, these expressions (1) and ( 2 ) reduce to 
Gausses expression for Euler’s gamma function. 

2. The fFeim'strassitm Form fm' tJie Function-^y^fn obtain without 
difficulty from ( 1 ) that 


([,.]) 


log[K+lJ -fc - - 


{K' 

”'■{( 

• 4B I ^ 


1 1 


;,)} 


1 +y, » 


W 


I 


} 


(3). 


Since ;? > 1, 




1 1 

also the series 1 + • • • is absolutely convergent, so that we 

^ 11 . W 

nnally write 


r,([. 


in which 




(4). 


^ ^ rV [3] - r 

In the case when ^><1 

. 

P and Q are extended forms of Euler’s constant 7 . 

3* MultipUcaiion Th^orem.Sinae ([«;? -t- n]) may lie written 

., .&/r, W. in .Wok, to br.iity, , 


denotes suid 




r>i 


we have 
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([«+«]) - ■ M ■< [;]>.;([«])• 

Let/(a:) denote 

r.(W)iv(["-^y) ■■■■•.([»+“;■]) 1 


IV ([^“1) 


0 


then, by means of tlie difFerence equation, we obtain 

/(x+i) =/(»). 

If now throughout the infinite products, all expressions of the type 
j,* denote principal values only, then f{x) is a single-valued function 
with a period unity, and for positive values of x has no singularities. 
It must therefore be a constant, and we find 


So that finally 


PIT IMC “ 1 

y r,;,([«.,•]) 




A/ S f ^ S S ~ 

\n) \’ \ n ) 


S(<i) denoting a pseudo-periodic function analogous to sin a. We 

define S {a) as 


([!-«]), <«* = r,([i]). 

When p ^ If this theorem reduces to the multiplication-theorem of 
Gauss and Legendre. 

4 . In this article a generalisation of the function will be formed 
by means of the generalised factorial Tp. 

To deal with simple foms first. In [n]! we replace p by p^, and 
obtain 


■ ^“1 • • • ([«+!]) (« pofitive and integral), 

(1 +j>) (1 +f*). • ■ (1 +r) - (^+1)» . 


ao that 
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The expresaion (1 +p) (1 -f jP’*). . , (1 +;>”) is written (2)„, this nota 
tion }>eirig both natural and convenient in investigating the properties 
of the generalised Bessel function* 




Similarly 


[n+2rj 

PT!F+"»'l"!(2)rr2)»7r’ 


(Si — f 1 4- n + »-V’ ^ (L” ■*■ ^ ]) 

(3),.-. {l+]>+p) 


MV([»+!]) 

When X and n are both positive integers, 


The function wc are seeking is clearly for all values of x and n 
(subject to limitations of convergence)— 

W..W .(6). 

which reduces if p ^ 1, to the function 

5. Extension of Lom/rneVs })roduci ,— 

/m + 7t + 2A 

To illustrate the use of the function (2)„, we take 






hn] {-C) ^ V ^ M - 

r-0 Lnl[w^+rJ!(2)r(2),„.fr 

in which in and n are not restricted to integral values, so that [n + r] I 
denotes ([w + «"+ 1]). The function |[w] may be derived from by 

inverting the basejr?, when becomes We proceed to 

show that 


(x) 

^ ti-iy 


{27w,+ 2'a4-4f} I 


. (7), 


' {27rt4'2a+2r}l{2m + 2rn{2rt + 2r}!{2r}l 

{2$\ 1 denoting (2)«rp([5+1]), or [2]*IV([« +1]). 

• *Boy. Soc, ICdin. Xrans./ vol. 41, part 1, No«. (1), (6). *Lond, Math. Soo, 
Frpo,/ j9eri«s 2, toU. I and 2. 
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Multiplying together the two infinite series J and the coefficient 
of if! resulting series is 


{2'W + 2s)! {2«.+ 2r - 2sj l {2r - 2s}! {2s}! "■ 


We can sum this series of r + 1 terms simply, as follows :— 

In the case {p = 1), we see that the expression is Vandermonde*s, 
and in the general case it is included under the following extension of 
Vandermondc *8 theorem 


[x + y]r = [x], + ^ r'* *■+*> ’^1 [-qi . (9)- 

Substituting in 4 - r for x, n 4 * r for //, and changing the base p into ;>2, we 
find 


/ j r 




i 2 r}! 




,-l 2 '//^-f 2 r;,_«! 2 n-f 2 rl,( 10 ), 


in which, since r - .s is integral, 


{2m 4 - 2 /*]r~« denotes [2rn -f- 2 r] [ 2 //? -f 2 ?' - 2 ] ... to r - factors. 

Dividing both sides of (10) by I 2 ff? 4 - 2 r;! |27i + 2 r)! (m and n 
unrestricted) we obtain 

|2/n 4- 2w 4- 4ri r 
l2m + !^M2a + 2rM{2r[! 


+ ‘M ’• + 27-iisj r|2r - 2s)! 12sJ ! " ’ 


which series we have seen to be coefficient of so that (7) is 

established. In the notation of the generalized gamma function 


J{h] ( x ) ?!|w](i^^) 0^) d{ml {^) 


r * » 


r JB 0 


r^,« ([»» + n + 2r +J_]) _ 

r,,.([TO’+«+r+ ijyiv ([«»+»■+ JiyjfV([«+r+i])ry ([r+ ij) 


’ \ \ »»+n-f 2 #’ 

. 123 ; 


( 12 ). 


By me<ms of this product various series of squares of Bessel 
functions, and series of prochn^ts of pairs of Bessel functions, may be 
generalized; for example, 

2x 

r 


iJi}* + SiJ,)*.-(-5{J,}* +_ (Lommel.) 
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corresponds to 


[q{v ('[!])}“- (IS). 

M. 


It is easily established that 

d f rt] ^Iri -vi] + J 1 + , 1 } 

This reduces to 




... (14). 


d H J . ,i + 1 -f d _ ,i J _ 1 sin tlTT. 


As remarked in article (.3) is a paeudcnperiodic 

-aj) 

fuTiCtion of n analogous to sin /itt. The periocl is given by 

(ui ^ T^s ([i]). 

6 . 'The Fxincfion ([.r) | //j).—Let F ([« --1 denote the conver¬ 
gent infinite series 

1 -p t",-[" - 1] • • • I" - ’1 + . . . 

L^J ♦ L'',l ■ 

. (16). 


If p ^ this series reduces to (1 -jf b 
Consider 


f F (1^.^ - W.C - B/, ([H»['0) . (16). 

Jo 

Integrating the series term by term, we obtain, after obvious 
reductions 

i'-"' / 1 X pn [1 - «] M 4 . p-in [ 1 " «] [2 ~ «] [w] [« + 1 ] + \ 

Im] [i] |;m + i]^^ [1^2] [w+Tr[m + 2-f' +•••/• 

The aeries within the large brackets is a particular me of Heine’s 
series 


1 


whence 


+ .. fi [y-/^+» 0 [y-«+« ] 


. (17). 
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7. The MultipHmtion Tlisiri'mn for th£ Fvmdion B,, 


= B^,j ([rw], [n»/]) X 


pin-1}?/ (?/ ■-1 


■n(i' 

_« J Vn/w-i 


} 


-«. (18)- 


A particular case of this is 

Bp([*],M)B,,([x+j][a'4-i]) = (19). 

If p ^ 1, we obtain 

B (x, a;) B (.r + ^,» + i) = 2 (Billet.) 

8. Tlie Logarithmic Dmimtivc^ of ty Fmctim —Fi’om the 

expression 

{rp(M): {(i (/'>!) 

we obtain 


£{^ogrp([x])} = -P-ilog;i + xlog;>-i^.-J'^g 


From this 


•P= iV(Li]) + iiogf+. (21); 


which reduces when jp 1 to F' (I) == -- y. 
Similarly, 


<1“ 




d* 


^ (log 1’;) ([*])) 


. *+1) 

[ft + x]» 

X42 ?'''^* ^ ) 

[» + a:]‘ 


(22). 


P-l‘ 


k 
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Certain series of interest in connection with the function Vp are— 


I'y ([* + <'■]) 


X(~iyp 

If. j =-0 


l»C/i4- I) 


■ <n+ I). [«] ['1“ A] 1 


(23), 


iV(D«+i]) prf! 


d, r„ V 

f^dx 


'^Ogp+p^\ii] \ . , +1 - n r n ■•■ • • • 1 

*’•' ^ '■ n[.«] x + tf x+llfx + a+1] i(p- 


(28). 


W* • • [^’4'7(~i] 




In case /> — 1, the aeries (25) is 


a _ 1 a (a - 1 ) ,« (ft - 1 ) (ft - 2 ) _ 

X ^x lx -h i) (;C+1) (ir + 2) 

9. The FwficMon G;, ([x]).—A function 

G (*) - [(«, + ])ifa-')(*-8){r(»+1)(*-1 Y,‘ (26) 

with the properties 

r(x)G(x), G(l)^l, 


is given in Whittaker’s Modei^n Aiuilystis p. 201, and is there referred 
to Alexeiewsky. This function has been discussed in detail in a more 
general form by E. W. Barnes*^ From (20) we obtain without 
difficulty * 


G(a:+1) 



_ r(i)r(2)r(3)...r(ic) 

r(*+T)T(*+ 2 )fX*+’ 3 ^ 


{r (!+«)}*(«+!)*•'(*-•). 


* ‘ Land. Math. Soc. Troc./ vol. 31, pp. 358 et $eg[. 
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Let us form h function 
G„([,r+]]) 

...rv([.r+il)iV([r+2]);..r,([.r+K]) 

([k + I])! ^ [k + 1 ]!.' . (27). 

"We notice that this function will reduce, factor by factor, to G (;r), 
if we put p — 1. 

Difference Equaium .— 

({„([:f+l]) ^ IV(W)(>(W). 


From the infinite pr oduct we have 

G,(H) 

X L Vj) fit + 11iJr(a’-l)-J(-'-0(x-S>»Ja^O-l)fa-*)-J!{*-l)(.»-2>(.t-») 

“ IV (1*1) pX 1]) [x +1]*-.. 

In the case (p:>l) the evaluation of the limit is not difficult, for 
since 

rV(['< + i]) = [i][2]...W, 

the expression 

» L + + ■ v[>^ + *- 1 tUl 

j^/c 4- 1 1 pi |>’2—a.r + 2 •« H* - jr*+ « + 




=x L !j>' 

BO that 


G„([.t+1]) - rp([*])G;,([*]) 


(38). 
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“ The Aflvanciug Fror|t of the Train of Waves emitted by a 
Theoretical Hertzian Oscillator/' By A. E. H. LovK, F.E.8., 
Sedleian Professor of Natural Idiilosophy iu the University 
of Oxford, lleceivod May 9,—Read June 2, 1904, 

• rLATKS 2 -0/] 

The waves emitted by Hertz's oscillator have been identified with 
those due to a vibrating electric doublet, that is to say, U) a singular 
point (of a certain t.ype) of the electromagnetic equations. In air or 
in free tether these equations may be written in the forms 

' I- (X, Y, Z) - cnrl (a,/i, y) ] 

I . (1). 

^cur](X, Y, Z) | 


in which c is the velocity of rmiiation, (X, Y, Z) denotes the electric 
force measured in electrostatic units, (a, /:f, y) denotes the magnetic 
Sorce measured in electroTuagnetic units. These equations are nearly 
identical with those which have been used liy Hertz.* They difi'er 
from the latter in that c is here written for the quantity which Hertz 
wrote 1 /A, and they differ also in the signs of the right-hand members. 
The reason for the latter difference is that Hertz need a left^-handed 
system of axes of y, z ; but it is on many grounds more convenient 
to use a right-handed system, as will be done here. The field duo to a 
variable doublet at the origin, with its axis pai-allel to the axis of is 
expressed by equations of the form 


(X, y, z) 

(*> y) 


/ ^ 

I / 0 “ \ 

c\0y0«’ ~tkdt’ ) 


r 

i/' (C^ - r) 


(3). 


in which r denotes the distance of any point (x, y, s) from the origin, 
and ^ (c^) is the moment of the doublet at time t. In Hertz's work 
the function ^ is taken to be a simple harmonic function of its 
lU'gument, and written in a form equivalent to E/ sin w (j! - r/o). 
This supposition would be adequate if the vibrations were maintained, 

♦ KrSfte elektriacher Schwinguujfeii, bchaudelt tiaoh der Maxwe)l*»chen 
Theoris,*' * Aim. Phys. Chem.* (Wieci^inann), ?ol. 30 (1880). B^rprinted in Herte, 
‘ Utttmuohungen ti. d. Ausbwitwng d. elcktmchen Kmft * (Leipsig, 1802), ji. 147, 
Sttd in VKUctrio Waves' (English edition), p. 137. The detailed i*c£eretices in 
iho are to the pages of the English edition. 
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or if the damping due to radiation were very slight The actual 
damping of Hertz’s oscillator has been investigated experimentally by 
V, Bjerknes^* ajid shown to be very conBiderable. Accordingly, wo 
ought to take for xj/ a function of the form 

xp « sin ^ (c? ~ r + c). (3), 

where \ is the wavodength, A a constant depending upon the amplitude 
of the vibrations, < a constant expressing the phase, and v a constant 
expressing the damping. According to the experiments of Bjerknes 
already cited, v may be taken to 1)6 about 0‘4 when the wave-length X 
is about 10 m. The effect of the introduction of the exponential 
factor into the expression for \p has been investigated in an elaborate 
memoir by K. Pearson and A. Lee.t In that memoir it is supposed 
that the fixed epoch from which time is measured is the instant 
at which the vibrations begin, so that, at any instant, the field 
expressed by (2) and (3) is confined to the region within the sphere 
r ct. In the expression for \p the phase-constant « is omitted by 
these authors. They have thus tacitly assumed that \p vanishes at the 
front of the advancing wave. 

This front is a moving surface which is a surface of discontinuity *in 
regard to the electric and magnetic forces. Within the surface these 
forces are expressed by the formulae already written down; outside 
the surface they must be expressed by some other formulae. The 
waves, in fact, advance either through a pre-established electrostatic or 
elootromagnotie field of some kind, or possibly through a region of 
s|>ace in which there is no electric or magnetic force. Whatever view 
may be taken of the nature of the field outside the wave-front, definite 
conditions must be satisfied at this surface. These conditions are 
known, but they have not been applied to the problem in hand. It 
seems worth while to make this application, and, in particular, to 
ascertain the effect of these conditions in modifying the results obtained 
by Pearson and Lee. 

Let 2 denote in general a moving surface which separates two 
electromagnetic fields. Then it is known that 2 moves normally to 
itself with the velocity c. Let (Xo. Yy, Zq) and (oot Pot yo) denote the 
electric and magnetic forces on that side of 2 towards which 2 advances, 
let /, n denote the direction cosines of the normal to 2 drawn 
towards this side, and let (X, Y, Z) and (a, jGl, y) denote the electric 
and magnetic forces on the other side. Then at any point of 2 it is 
known that the following six equations must be satisfied;— 


* ‘ Am* Phy». Chem.’ (WMeniann), toI. 44 (1891)* 
t * Phil. Twow.,* A, yob 108,1900. 
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a - cco - m(Z - Z,)-n{Y-Yo), 
Y-Yo- I(y-y,)-n{a--a,), /^^A> - n{X-X,)-^l{Z~Zol 

Z - Zo - m(a - «<.) A,). y-y,^l(Y - Yo) - (X -- Xo), 

.. W. 

These equations niay be expressed in words in the statements that 
the cornpofjonts of electric and magnetic force along the normal to ^ 
are continuous, and that the discontinuities of the tangential 
components of the electric and magnetic forces are equal in magnitude 
and are directed along lines at right angles to each other in such 
a way that the discontinuity of electric force, the discontinuity of 
magnetic force, and the normal to the surface, in this order, are 
parallel to the axes of r, //, c in a right-handed nystem.* The case in 
which there is no electric or magnetic force on the side of 1' towarrls 
which it advances is included by putting (Xo, Yo, Zo)a!id A)* yo) 
equal to zero, and the case in Avhich the field on this side of the 
surface is eloctrosUvtic is incbided by putting (ao, 7o) equal to zero. 

The conditions (4) have been established by a rather troublesome 
process which may be replaced by the following simpler argtxment:— 
The ordinary equations (1) of the field fail at the surface of dis¬ 
continuity throtigh the infinity of some of the differential coefficients 
.... Consider the axis of x to be parallel to the normal to ^ at a 
point P, Then as 2 passes over P the state of the medium at P 
changes from that expressed by (X^, ... ...) to that expressed by 

(X, a, ...). Suppose the change to take place in a very short 
time 6^, and multiply both sides of the equations (1) by cHL Then in 

the left-hand members we must write X - Xo for ^ 8^, and similarly 

ot 

for the other quantities of the same kind. Again, we may put o8t &r, 
where 8x is the distance over which the small part of X near to F moves 

in the interval 5 /; and then the limit of ^ cSt or ^ 8x is the differ- 

dx ax 

ence of the values of ^ just before and just behind the surface 2, or it is 

/3o« A- The limits of such qAoantities as in which the differen- 

dy 

tiatiou is performed with respect to any co-ordinate other than are 
zero. 

From the six equations (1) we deduce in this way the six 
equations 

X - Xo « 0, Y “ Yo ** ~ (yo"" y)i Z - Zo « Ao * A> 
oc - oo « 0| - (A “ ^o) * - (Zo - Z), “ (y - yo) «* Yo “ Y. 

^ Uhoto revulta were given effectively in a liaper by U\e author in ^ Proc. 
Hath. Boo.* (Ser. 2), vol. 1, p. 37 (1309). Equivalent oonditiona appear to 
iiaye baea employed by O. Heavieide, 'Electrical Papere,’ vol. 9, pp, 405 teq. 
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These equations express the same relations 1>et\\reen the forces and the 
direction of the normal to w as are expressed by (4). 

In the application of conditions (4) to the problem of the Hertzian 
oscillator, the external field (Xo, Yy, Zy), /io, yo) is that which is 
established at the instant when the vibrations begin. At this instant 
the brass balls of the oscillator arc so highly charged that the electric 
strength of the air between them gives way. The initial field is that 
due to the charges at this instant, .so that it can moat appropriately be 
represented as the electrostatic field of a fixed doublet. If B denotes 
the moment of this douldet, the field in question is expressed by the 
equations 

(Xg, \oi ^M)) — 


(*o, Ah yo) 


’ S;V r I . (^)* 

i 


Now write down the complete expressions for X, Y, Z, and a, /i, y, 
in accordance with oqwitiom (2). Denoting differential coefficients of 
the function with respect to its argument by accents, these expressions 
ai'o 


X ^v(3^ + 3?'^ 4’r-^ ), Y (3^4*3/^'4- 

“ ” “ ^ y “ 0, 


)■ ( 6 ). 


1)1 like raHtmer. coinplete expressioiis foj' Xo, Z«, as given by (6), 
are 


X., SB, = z, 


•^•^3B + 2b., 


(7). 


Let; >= 0 lie the instant wiien the vibrations begin. Then r « ct is 
the equation of the surface sepai'atiug at tiino t the field expressed by 
(6) from that expressed by (7), and the direction cosines I, m, n of the 
normal to this surface are x/r, y/r, z/r. When these values of X,... are 
substituted in (4) it will be found that if'" disappears, and that the 
equations (4) give 


3 {ip~li) + ‘h'lf’ = 0, 2 (it - B) + 2»f' = 0, 

which must hold when r =» vt, U., when the argument of is zero. 
Hence we must have 


if (0) ». B, if' (0) = 0. 
Now take if to have the form (3). We find 

A sin « B, tan = — 

A k P 
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The second of those equations determines < and the first determines 
A in terms of B. It appears that B (the moment of the iuitTa) 
doublet) is the maximum moment of the vibrating doublet.* 

It has now been shown that the waves expre8BO<i by (2) in which xp 
is given by (^i) can advance througli the field exprossed by (5), jyrovided 
the consttmts A, B, r, c, are connoctod by the equations (8), Incidentally 
it has boon shown that the waves expressed by (2) in which ^ is given 
by (3) cannot advance through a region in which there is no electric 
or magnetic force, and that the phase constatifc c cannot vanisl). In 
fact, the function instead of vanishing at the front of the wave has 
thei'e its numerically greatest value. 

Expressions may be fornie<l for the radial and transverse components 
of the electric ioTCAi and for the magnetic force. 'Fhe lines of electric 
force lie in planes through the axis of the doublet, and the lines of 
magnetic force are circles about that axis. The radial component li of 
the electric force is given by the equation 


R = 2 <=08^ A.- 

7'^ 




;(’ - x) 


( 8111 ^^ (C/ -?•+€) 
A 

, 27rr Stt.,. 

4' cos : (of “ 


r4-€) 


(»). 


when ct > r, but when < r we have 


R 


2 cos 0 A • 27r« 
,5“ Asm-^ 


( 10 ), 


^ being the angle which a line drawn from the origin to a point at 
distance r makes with the axis of the doublet. 

The transverse component % of the electric force is given by the 
equation 




«n 0 







( 11 ). 


when > r, but when Oi <r we have 


0 


sin 0 


A sin 


27r€ 

X 


( 12 ), 


• TPka reaolt that the waximam momsut of the vibrating doublet ought to be 
the lame a« the znoment of the doublet existing at the instant when the ribratioiui 
lH»giA is noted by M. Brillouin, * Propagation de Tfileotrioit^, Histoire et Th^rie * 
{Perie, 190i), p. 818, 
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The magnetic force H is given by the equation 

-tO-?)”*? <«-'♦■>]. 

when c/ > ?*, but when c/ < r it vanishes. 

The radial electric force is continuous at the front of the wave, t.e., 
at the sxirfaco r ^ Qt. The discontinuity of the transverse component 
of the electric force at the front of the wave is 


sin 6 A 
r X* 


(v- -f irr-) sin 


27r< 


(H). 


and this is equal, tis it should be, to the magnetic force at the front of 
the wave. 

Thu lines of electric force are the intersections of the planes through 
the axis of the doublet with a certain family of surfaces Q =« constant.* 
If we denote by p the distance of a point from the axis, so that 

p^r sin 6y the qmuitity Q is /> and the components of electric 

force parallel to the axis and at right angles to it arc respectively 

- 1 ^ and 1 The flux of electric force through any circle 

p op P oz 

with its centre on the axis of the doublet may be expressed as 

- SttQ. The form of Q is given by the equations 


Q 








sin ^ (o^ - r -f <) 
A 


27rr 

x' 


when Cf > r, and 


27r 

"x 


Q 


sm^ 6 

-4 sm -.r 

r X 


(c<-»• + •)} . ( 16 ), 

.. ( 16 ), 


when C( < r. At the separating surface Q is continuous, just as the 
radial component R of electric force is continuous, and in fact we 
have 

. 

throughout the field. 

The particular case where there is no damping by radiation is 
included in the foregoing by patting v «0, 2ir€/X ; and then we 
have 

V'* Aco8^(cf- r), B « A. 

** The xm of the fuDotion Q in these problems wss iiiitUiod hj HMs, Uxt* Ht. 
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Thia is the cftse diacusaed by Hertz, but hia diacusaion has no very 
definite reference to the front of the waves, llie field due to the 
initially existing doublet is the well-known electrostatic field of a 
doublet, the lines of electric force being identical with the lines of 
magnetic force due to a magnet or to an uniformly magnetised sphere, 
or with the lines of flow of inconl^ressible fluid through which a 
sphere is moving. These lines have been traced ofteti/ a few of 
them are traced in fig. A. 

Fio. A. 



/ * 

* \ 

* \ 


Hertzt has figured the linos of force within a distance of J A of the 
oscillator at a munber of instants during the progress of a vibration. 
It would be easy to determine the modifications that ought to be made 
in his figures on account of the existence of a front to the advancing 
wave-train and of the existence outside that front of an electi'ostatic 
field. The moment of the doublet which gives rise to this field is the 
maximum moment of the vibrating doublet. At any instant during 
the vibration the electromagnetic field of the vibrator will be 
iestablished within a distance from the doublet equal to the distance 
which light would travel in the time that has elapsed since the 
commencement of the vibrations. After one-eighth of a period, for 
instance, this field will be confined to the region within a sphere of 
radius I X, and outside this sphere the field is the above-described 
electrostatic field. It follows that, to obtain the lines of force during 
the first three-quarters of a period, a circle of suitable radius should 1)e 

gee, .T. Thomson, ‘Elements of Eloofcricity and Magnetism,* p. 288, 

l^b, * Hydrodynamies,’ p. 187. 

f * Bleotrio Waves/ pp. 144*, U5. The figures are reproduced by M. Brillouiu, 
pp. 2^, 298 i and by A. Ghfay, * Magnetism and Eleotricity/ vol 1 
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described round the centre of one of Herts’s figuresj und the parts of 
his lines of force which lie outside that circle should bo suppressed 
and their places taken by curves of the family traced in fig. A. The 
result that at the beginning of the vibration the moment of the 
doublet is a maximum would be expressed by taking his figures in the 
order 29, 30, 27, 28. After the electromagnetic field has become 
established, those figures represent the field near the vibrator at 
instants which are the beginning of a period, J of a period later, ^ of 
a period later, ^ of a period later. If the arrow heads in Ids figures 
are reversed, they represent in the same order the field after | a 
period, J of a period, j of a period, J of a period from the beginning 
of a particular vibration, which is not the first vibr ation. To trace 
the course of the first vibr-ation we should proceed as follows :—At 
the instant when the vibrations begin the field is that shown in fig. A. 
After of a period draw on Hertz’s figure 30 a circle of radius ^ 
suppress the part of the figure outside this circle and replace it by the 
part of fig. A which is outside the same circle. To obtain the fields 
after \ period and | period, similar work should be done upon Hertz’s 
figures 27 and 28 with circles of radii After ^ a period, 

reverse the arrow heads in Hertz’s figure 29, draw on this figure a 
circle of radius ^ A, suppress the part of the figure which is outside 
this circle and replace it by the part of fig. A which is outside the 
same circle. To ol>tain the fields after J period, | period, ^ period, 
similar work should be done upon the figures 30, 27, 28 with circles 
of radii ^A, |A, ^k. These modified figures have not been drawn here 
because a similar procedure will bo adapted presently to the figures 
of Pearson ami Lee in which account is taken of the damping by 
radiation. 

The notation of this paper can be identified with that of Pearson atid 
Lee by means of the equations 

*/ + </c, E; = 2t » A/c, X = ••• (18). 

2 A 

in which the quantities E/, t, x are used by these authors,! andT'is 
the quantity which they denote by t They have traced the lines of 
electric force, given by Q - constant, for certain chosen values of Q, for 
a region of space between the spheres r ^ A and r | A, and for 
fifty-six values of f, viz .: f ^ 2 t J, ,.,7). The chosen values of Q 
are such that QA/27rEZ i/e? curves thus 

formed are shown in their Plates 1—7, each plate containing eight 
figures.! The chosen value of v is 0*4. 

♦ In Hert«'i notation it would be Herts has ueed the letter A to deno^ the 
half wave-length. 

t ^risthe period. 

X Jl number of theee figorea have been reproduced by H. Bnlloain in plates at 
the end of lu6 treatue ab^y oiM 
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The linos of force drawn in some of these figures need some modifica¬ 
tion on account of the existence of a front of the wave-train. At any 
instant the electromagnetic field that is propagated with the waves will 
have reached a distance 0/ from the oscillator, and therefore those parts 
only of the curves which lie within circles of radii X(^ 72 r-t/X) are 
linos of force in the actual vibrations. Ontskle spheres having these 
radii the actual field is the electrostatic field due to the fixed doublet, 
viz,; it is the field expressed by (5) and figured in fig. A, In the 
notation of (18) the linos of force in this field are given by the 
equation 


QX 

27rE/ 


X 

r"27r 




2Te 

x* 


The continuations of the lines of force outside the wavedronts at the 
various times in question are obtained by equating this expression to 
the values ± ± ± ± h The heavy dotted, heavy 

continuous, fine dotted and fine continuous curves in fig. A liavo been 
drawn to correspond with these four pairs of values, X l>eing represented 
by 1 inch 2*54 cm.). 

The value of v being 0*4, the following numerical values are found 
for the various quantities :— 


J 


tanf-* * Stt, =« 1-5071389, y « 0*239868, 

AX X 

0-0069474, 0-008512, sin * = 0-006676, 

A 

27rW-^ cosec ™ « 6*99403. 

A 


The circles outside which the lines of force drawn in iJie figures of 
Pearson and Lee have to be replaced by other lines are given by the 
equation 

r - A. (a-0-230868) . (19), 


in which a has the values ^. In fig. 1 of their Plate 1, r would 

be negative j this figure, in fact, relates to an epoch before the vibrations 
begin, and no part of it represents lines of force that are formed. In 
fig. 2 of their Plato 1, r would be about of a wave-length, so that 
the circle is too small to be drawn. In fig. 3 of their Plate 1, r .. 0*136 
of « wavelength, so that the front of the waves cannot be distinguished 
dearly from the inner circular boundary of the figure. Those parts 
of the lines drawn in this figure which lie between the inner 
t^rcttlar boundary and a circle of radius (0-136) A are actual lines of 
at the instant in question. Figs. 1, 2, and 3 of Plate 1 should, 
be omitted. In the remaining figures ot Plate 1. iuid in 
ft 20 and 11 of Plate 2, parts only of the lines of foree that are 
lines of force at the con-eeponding instants during 
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the vibrations. These parts lie within the circles obtained from (19) 
by ^ving to a the values ... V, corresponding in«tant« 

are / - (0-26, 0'385, 0-51, 0-835, 0*76, ...M35) x (period). The 
corresponding lines of force outside these circles are given by the 
equation 

^ (6-99403) ft . (20), 

T A. 


in which b has the values ±TTr» -h* These are the 

curves drawn in fig. A above. The remaining figures (12—66) of 
Plates 2- -7 arc unaffected l)y the conditions that hold at the front of 
the waves. The figures by which Pearson and Lee*s figs. 4—11 of 
their Plates 1 and 2 should be replaced are the figures numbered 4—11 
on Plates 2—5 accompanying this paper. 

In these figures the lino continuous circle ropresouta the wave-front 
at the time t [-:= T - ( 0 - 24 ) 2 t]. The discontinuity of the electric field 
at the wave-front is shown by the change of direction of the lines of 
force at this circle. Those lines of force which are determined by 

putting equal to tiV, ±Tm shown by the 

heavy dotted, heavy continuous, fine dotted, and fine continuous lines 
respectively. The dotted circles that lie within the fine continuous 
circle are curves at which Q vanishes, or the electric force has no 
radial component. A surface Q » 0 travels outwards at a varying 
rate so as to lie within the wave-front r ^ cl and to tend to overtake 
it as 4 increases. This is shown by the inner dotted circles in 
figs. 6—8, and by the outer dotted circles which in figs. 9—11 lie 
within the fine continuous circle. It appears that no spherical surface 
of the set given by Q ^ 0 is the front of the advancing wave-train, hint 
that one of these surfaces tends to coincidence with this front as the 
wave-train advances. 

The discontinuity of the electromagnetic field may also be shown in 
a strikirjg manner by tracing curves to represent at particular instants 
the values of the transverse component t) of the electric force, which 
correspond with all values of r, the distance of a point from the 
oscillator. Consider points in the equatorial plane of the oscillator, 
for which 0 ^ The form of €) as a function of r is determined by 
the equations 


A 


e A 




when 0^ > r, and 
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when ct<r. Figs. 1—3 of Plate 6, represent parts of the curves, of 
which ® is ordinate and r is abscissa, at instants which are the ends of 
the second, third, and thirteenth periods from the beginning of the 
vibrations.The parts of the cm-ves iji figs. 1 and 2, which ato voi'y 
near the oscillator, are omitted, and, in the three curves, the parts 
which lie beyond the advancing wave-fronts are indistinguishable from 
the axis of abscissas. In figs. 1 and 2, as originally drawn, A was 

given the value 0*1, and v and c have the same values as in the 

previous discussion. In fig. 3 A was given the value ]. The 
curve in fig. 3 has been drawn for values of r between r lOX and 
r =» 13A. In each case the terminal point of the curve towards the 
right represents the value of ® at the advancitig wave-front at the 
instant in question. Near the oscillator, the maxima and minima 
values of (a> diminish as the distance of them from the oscillator 
increases, as is shown in figs. 1 and 2. This is due to the pre¬ 
ponderance of the factor l/r^ when r is small. When the front of the 
train of waves has travelled over as few as three wave-lengths, this 
tendency is already checked by the tendency of the factor to 

increase with r, as is seen in fig. 2, whore the last minimum is almost 

exactly equal to the previous maximum. When the front of the 
train of waves has travelled over a larger number of wave-lengths, the 
maxima and minima near the front exceed those at a little distance 
behind the front, as is shown in fig. 3, where there is a regular 
increase in the maxima and minima values as the front of the train 
of waves is approached. A comparison of figs. 1 and 2 with each 
other shows the diminution of the maxima and minima at the same 
places as time goes on. This is due to the damping of the oscillations 
by radiation. The same comparison shows also that the maxima and 
minima near the front of the train of waves do not suffer diminution 
to the same extent, and the same thing is shown by comparing 
fig. 3 with these, allowance being made for the difference of scale. 
In fact, the disturbance at the front of the wave-train suffers diminu¬ 
tion through spherical divergence only, for the factor has the 

value unity at the front of the waves, and, when r is at all large, the 
value of & at the front is very nearly equal to 

- A sin (27r€/X) {47r2 + v^)jXh'^ 
so that it is very nearly proportional to 

In the Arithmetical work which it requitite for tracing thete curtet and in 
lom of the remaining arithmetical work of the paper, I had the good fortune to 
^the cofiaboration of Mr. 4. W. Sharpe, formerly Fellow of Oonvilla and 
|Dsi^ College, CSamhridge^ who made the necettary oaloulationt. The paper it 
eomidete than it would have been without hit help. 
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On Flame Spectra/' By Charles dk Watteville. Communi¬ 
cated by Arthur Schuster, F.E.S, Received May 28,— 
Read June 16, 1904. 

(Abstract.) 

In order to obtain the spectrum of any substance, it has generally 
been considered sutficient to introduce a small quantity of it into an 
already formed flame. In the cjourae of a photometrical investigation 
of flames which had been colotired by ijijecting the spray from saline 
solutions into the gas to be burnt, M. Gouy discovered in the spectra 
of the flames several new lines belonging to the metal contained in the 
solution.* Instead of appearing throughout the whole flame, as did 
the previously known lines, these new lines were only emitted in the 
vicinity of the inner blue cone—^the origin of the Swan spectrum. The 
observations of M. Gouy were limited to the examination of certain 
lines of the visible portion of the spectrum, and, with the advice of 
Professor Schuster, and under his direction, 1 have taken up this study 
with the object of extending it, by means of photography, to the ultra¬ 
violet portion of the flame, and also of detecting lines whicii are too 
feeble to be visible to the eye. 

The method employed for the production of the flame is, in short, 
that which has been introduced by M Gouy, and described by him in 
his memoir, to which reference should be made for a description. The 
very slight modifications which bive been made in the apparatus of 
this scientist are due to the necessity of having an arrangement which 
should be as automatic as possible during the 8 hours which were often 
found necessary for the photographic exposures. These modifications, 
however, have an important hearing upon the success of the 
experiments, 

The Bpectroscopical apparatus used has been of two kinds—a fine 
Rowland concave grating of 1-metre radius and prism spectroscopes. 
The results obtained by means of the grating have been completed, as 
regards the very weak lines, with the help of the prism spectroscope. 

The linos in the spectra obtained under the conditions of my 
experiments are very much more numerous than is the cose when alt 
the portions of the flame do not participate in the production of the 
phenomena. Not only are all the linos pi-esent which were seen by 
Professor Hartley in the oxy-hydrogen blowpipe flame, but, in addition, 
there are a large number of other lines which only extend to the 
height of the blue inner cone. Moreover, the flame spectra extend 
sufifioiently far into the ultra-violet in order to enable the line 2194 of 
tin to be observed. 

If we compare the flame spectra thus produced with those of the 
and the spark, it will be noticed that, a« a rule, the lines which are 
• * Aunales de Ohimie et de Physique,* 5th Series, vei; tS, 1879. 
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found in tho flame spectrum are those which are the strongest lines in 
the arc spectrum. In certain cases, some of the more intense arc lines 
are absent, whereas less intense arc lines are to be found in the flame 
spectrum. On the other hand, none of the characteristic lines of tho 
spark spectrum are over seen in the flame spectrum. The resemblance, 
however, is very niarked l^etween the flame spectrum and that of the 
spark which has l)een made oscillatory by the introduction of a self- 
inductiorj into the discharging circuit of a condenser. In the latter 
case, as is well known from the work of Dr. flemaaloch, the spark 
spectrum is considerably simplified.* Moreover, although the flame 
spectrum will contain only the lines which belong to the spectrum of 
the oscillatory spark, yet all the lines of the latter will not be found in 
the flame spectrum, the missing lines being those which are peculiar to 
the ordinary spark spectrum, and which only exist in the immediate 
neighbourhood of the olocti‘odes, becoming shorter and shorter, and 
finally disappearing fis the self-induction is increased. 

The preceding paragraph refers to metals other than those belonging 
to the iron group. On the contrary, there is a most striking similarity 
between the flame spectra of iron, of nickel, and of cobalt, and tho 
oscillatory spark spectra of the same metals in tho region included 
l>etween about 4300 and 2700 Angstrom units. The similarity of 
the two spectra is so great that, except for very small differences of 
intensity, tho oscillatory spark sj)ectrum, which is photographed as a 
comparison spectrum in the centT’e of the flame spectrum, appears to be 
a prolongation of the latter. It should be noticed that if in the visible 
portion of the spectrum certoin lines appear to be missing, it is 
doubtless because the continuous spectrum prevents these feeble lines 
from l^eing seeti. This explains why M. Gouy was not able to observe 
the nickel lines which are found on the photographs taken with various 
salts of nickel, viz,, the sulphate, chloride, and ammoniacal chloride. 
In the ultra-violet tho spectrum of the flame appears to fade away a 
little more rapidly than that of the oscillatory sjmrk, but it is probable 
that this difference would be reduced by prolonging the time of 
exposure; since it is, ox course, the radiations of the shortest wave¬ 
length which are most absorbed by difloront media. 

It is very probable that the reason for this similarity between the 
spectrum of the flame and the apectmm of the oscillatory spark is 
entirely a question of temperature. On the one hand, the increase in 
the number of lines of the flame spectrum obtained by the use of the 
sprayer may be attributed to the fact that the hottest regions of the 
flatno take part in the pro<luction of the phenomena, and, on the other 
Iwd, the diminution in the number of lines in the spark spectrum 
when the spark becomes oscillatory is due to a diminution of its 
temperature. 

* * 6ur Speotoes d’BtineeUss.' Paris, Hsrinsiia. 
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[D 7200, 0650-Oc]. 

“The Ketardatioii of Combustion by Oxygen.” "By Hknry E. 
Armstuong, Ph.I)., F.H.S. lieceived June 9,—Head June 16, 
1904. 

In the course of his researches on gaseous explosions, H. B. Dixon 
has laid stress on the fact that carbon monoxide, rather than the 
dioxide, is the initial product of the combustion of carbon and of its 
gaseous compounds; moreover, he has shown that water plays a 
peculiar and all-important part in the combustion of the monoxide; 
and he has proved, in a number of cases, that oxygen is by far the 
most effective diluent in retarding combustion. These, in some 
respects, paradoxical conclusions have not yet been sufficiently 
explained. Reoetit researches'’*’ emanating from the Manchester 
school have brought new facts to light, however, which have an 
important bearing on the interpretation of explosive changes—so 
much 80 , indeed, that it is no longer difficult to paint a consistent and 
fairly complete picture of the mechanism of combustion.t 

1. It would seem that, in the case of hydrocarbons, there k no 
preferential combustion either of hydrogen or of carbon: itiitially, 
the hydrocarbon merely undergoes kydnuylation. As hydroxylation 
proceeds more readily when it has once taken place—owing to the 
attraction of oxygen for oxygen—the first product may easily escape ^ 
observation: thus, Bone and Wheeler were unable to detect the 
formation of hydroxymethane (methyl alcohol) from methane; Bone 
and Stockings, however, succeeded in obtaining ethyl alcohol, C 2 H 6 OH, 
from ethane, C^Ho. 

2. A stage in the hydroxylation is soon reached v^hen ihermoBchi&tm 
begin to take place. Thus, dihydroxymethane breaks up as soon as it 
is formed into water and formaldehyde, which is in turn easily 
resolved into hydrogen and carbon monoxide : 

CH2O + OH2 CO + H2 + OH2. 

Dihydroxyethane, in like manner, gives rise to acetaldehyde, which, 
under some conditions, breaks up into methane and carbon monoxide i 

CA{OBh —^ CHa-COH + OHa —^ CH4+CO + OH3. 

* W. A. Bou« and E, V, 'Wheeler, “The Slow Oxidation of Methane at Low 
* Chem. Soc, Trang.,’ 1902, Tob 81, p. 6»Ct 1902, vol. 88, p. 1074. 
W. A. Bone and W. E* Stookiugg, The Slow ComboBtion of Ethane,” 1904, 
toL 86, p. 698. 

t Compare H. E. Arngtrong. “The Mechaniem of Comlnwtion,” ihid„ 1908, 
Tol88,p.l088. 
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3, It is to be supposed that the more complex hydrocarbons are, 
to a large extent, resolved into simpler thermoschists prior to oxida¬ 
tion, 

C«Hu CsHh + CsHo; G2H0 ^ C2H4 + H2, 


The change may extend even to the formation of carbon, when 
a relatively small proportion of oxygen is present. In high tem¬ 
perature changes’(explosions), such thermoschisms probably play an 
all-important part. 

4. The precise manner in which oxygen is introduced into the 
hydrocarbon molecule is a matter of some interest. If oxygen 
molecules were directly active as wholes and the actual, immediate* 
and sole cause of the oxidation, there would seem to be no reason 
why the dihydroxy-derivative should not be directly produced rather 
than the monhydroxy: the observation made by Bone and Stockings, 
that ethyl alcohol is producible from ethane, therefore, is of crucial 
importance. But, on general grounds, regarding the change as 
electrolytic in character, it is probable that the electrolyte, i.e,^ 
conducting water, is the immediate source of the oxygen; and that 
the oxygen molecule* plays the part of dcpolarisor. From the same 
point of view, it appears probable that the water molecules contribute 
hydroxyl rather than oxygen. The process may bo formulated as 
involving the conjugation of hydrocarbon (probably through its 
carbon) with water (acting primarily as the catalyst or associating 
agent) and oxygen, thus : 

HsG OHH O ^ CHb-OH HO 
H‘^OHH'^0 HOH'^HO 

5. According to the view here advocated, carbon dioxide is neces¬ 
sarily a later product of change than the monoxide—in fact, the final 
product. It is to be supposed that, in its formation from the 
monoxide, the latter is first converted into formic acid. On this 
assumption, it is easy to hnderstand that the presence of so large a 
proportion of water is required in order that the explosive waTe may 
att^n to its greatest velocity, as the affinity of water for carbon 
monoxide is relatively slight and the reversible change one which 
takes place mainly in the direction : 

HCO{OH) CO + OHs. 


: ' ■ f 0 ^ dirtinotiTe mmtw for exygen •stuff er etmnic oxygen and of the 

saygen we handle is rtrv obvioue in discussitig moh a point aa this. 
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The figures given by Dixon are as follows ;—* 


Condition of mixture. 

Per oent. of 
steam present. 

Mean rate ins 
metres per second. 

Well dried . 


1264 

Dried . 


1306 

Saturated at 10' C. .. 

1-2 

1676 

„ 20 

... 2‘3 

170.3 

„ 28 

... 3*7 

' 171.3 

„ 35 

... 5T> 

1738 

„ 45 

... 9*5 

1693 

„ 66 

... 15*6 

1666 

Gf) 

... 24*9 

1526 

„ 75 

.... 38-4 

1266 


The gradual retardation observed wheti the proportion of steam ia 
increaaed beyond 5*6 per cent, may be duo to a variety of causes: to 
the steam acting as a diluent; to an incieaso in the extent to which 
water is unburnt by the carbon monoxide ; and, perhaps, in no slight 
measure, also to the tendency of the steam to hold back the oxygen. 

6. It is to this b%st circumstance that the marked influence of 
oxygen in retarding combustion is probably attnbutable. This 
influence is especially noteworthy in the case of electrolytic gas, 
inasmuch as excess of hydrogen has precisely the opposite effect and 
nitrogen retards the explosion less than does an excess of oxygen. 
According to Dixon, the rates, in metres per second, at which various 
mixtures of hydrogen and oxygen and of electrolytic gas and nitrogen 
explode, are as follows 


4 H 3 


3632 




3 H 3 

io, 

3527 




2 H 3 


3268 




H, 

io* 

2821 




H, 

03 

2328 

Hs 

iOs+ JNs 

2426 

H 3 ; 

20s 

1927 

Hs 

iOs + lJNs 

2065 

H.31 

3 O 2 

1707 

Hs 

§Os + 2iNs 

1822 

Hal 

40s 

1281 




In seeking for an explanation of this remarkable, if not paradoxical, 
behaviour of hydrogen, it is necessary to remember that, whereas 
both oxygen and water molecules diminish in stability as the tem¬ 
perature rises, the stability of hydrogen peroxide must be at a 
maximum at a high temperaturef—since its formation from Oxygen 

• ' Phil. Trans./ A, 1893, vol. 184, p. 97. 

t Nemst, *Zeifr. phyuikni Ohem./ 1903, rol. 48, p. 730, has endoaroprsd to 
deduce numerical estimate* of the sUbiUty of hydrofen peroxide at high tea]pem<^ 
tores 1 Wte results arrived at, however, ar# not satisfactory owing to the pauidi^ of 
data. 
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and water is an endothermic process. In fact, it is to be supposed 
that ^water is readily oxidised at temperatures such as prevail in 
combustions. If, however, the formation of water be regarded as 
involving the changes 

H OHH 0 HOH HO 

H OHH O ^ HOH HO 

SHsOi ^-^ 2H,0 + 0ji 

it follows that water and oxygen will mutually hold each other in 
check: so that when electrolytic gas is exploded there will be a 
deficiency of oxygon, as it were, owung to its conversion into hydrogen 
peroxide, which may be regarded as relatively, if not entirely, in¬ 
operative as an oxidising agent at high temperatures in presence of 
oxygen. On the other hand, when excess of oxygen is present, the 
water—-which is the effective catalyst—will bo more or less held back, 
also in consequence of its oxidation to hydrogen peroxide. The 
marked influence of hydrogen in promoting the combustion of electro¬ 
lytic gas is in full harmony with this conclusion; indeed, it is difficult 
to explain it in any other way than by supposing that, when present 
in excess, the hydrogen serves to promote the dissociation of the 
peroxide by diminishing the proportion of active oxygen present: in 
other words, according as hydrogen or oxygen is in excess, equilibrium 
is disturbed in one direction or the other. The interaction of hydrogen 
and oxygen may, perhaps, be supposed to l)e incomplete at high tem¬ 
peratures, less because the steam is partially dissociated thsn on 
account of the division of the oxygen between the hydrogen and 
water. 

[Note (uided June 29. —The experiments on the oxidation of ethane 
at ao low a temperature as 300, recently described l)y Bone and 
Stockings, have shown that change proceeds with surprising rapidity 
in the case of mixtures containing ethane and oxygen in*the ratio 
2 :1 or 1:1, the oxygen disappearing within 30--45 minutes; whereas 
when sufficient oxygen was present to burn the hydrocarbon completely 
to steam and oarbojt dioxide (1 : 3*5), a considerable quantity of 
oxygen and some ethane remained unchanged oven after 2 days. 
There can be little doubt, therefore, that oxygen has a specific retarding 
eflTect even at so low a temperature as 300'*; and there would seem to 
be no reason to suppose that the changes which occur at low tem¬ 
peratures are in any essential respect different from those at high 
temperatures.] 



90 


Sir Nomian Lockyer and Dr. W. J. S. Xookyer, ^ {June S, 


A Probable Cause of tho Yearly Variation of Magnetic Storms 
and Aurora^/’ P*y Sir Norman Lockybu, K.C.B., LL.D., 
F.R.S.» and William J. S. Lockykk, M.A. (Cainb.), Ph.D. 
(Crott.), F.K.A.S., Chief Assistant Solvir Physics Ol)servatory. 
Received June 3,—Read June 16, 1904. 

The ordinary meteorological elements, such as atmospheric pressure, 
temperature, etc., have a yearly charige satisfactorily explained as due 
to changes of tho position of the earth's axis in relation to the sun, or, 
in other words, the variation of the sun's declination. There are, 
however, other phenomena, such as magnetic distiu'bancos and auroras, 
which luiva been explained ditfcrently. 

Thus, in regard to this seasonal variation Mr. Ellis* has written, 

“ The related physical circumstance is that at the equiuoxos, when 
disturbance is more frequent, the whole surface of the earth comes 
under the influence of the sun, whilst at the solstices, when magnetic 
disturbance is less frequent, a portion of the surface remains for a 
considerable period in shadow." 

The object of the present communication is to put forward another 
possible cause. 

It has been previously pointed o\itt that a very close relationship 
exists between tho epochs of occurrence of prominences in the polar 
regions of the sun and Ellis's great" magnetic disturlyances. This 
synchronism showed that either the polar prominences themselves, or 
the disturbances thus indicated in these polar regions, were the origin 
of these “great" magnetic storms, or that they were caused by a 
more general stirring-up of a greater extent in latitude of the solar 
atmosphere. 

A further investigation^ indicated, however, that in all probability 
it was either the actual polar prominences themselves, or the activity 
in the solar polar regions, that initiated these magnetic disturbances, 
for it was there pointed out that the presence of polar prominence 
activity-tracks synchronised with the appearances of large “ polar 
coronal streamers. Here we have an indication of a local cause and 
effect. 

It will be gathered, then, that, even as regards terrestrial magnetic 
phenomena, considerable importance must be attached to action taking 
place in the regions about the solar poles. 

Since the axis on which the sun rotates is inclined to the plane of 
the ecliptic, there will be timea throughout the course of a year when 
the solar polar regions will be exposed most and least to the earth. 

** Monthly Kofcio0*,* t«L 61 , p. 640 . 

t * ^y. Soc. ?roo.,» toL 71, p. 2Mj aUo - Monthly Notioos, tol, 68. 

Appondixl, p. 6. 

t‘ Hmjthiy Notto, E.A.S./tol. 68, p. 481, s 
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It should l>e expected, then, that if the polar regions of the sun have 
any action, as above suggested, the effects of the action on the earth 
should vary according to the positions of the solar poles relative to the 
earth. 

The actual ii»clination of the sun^s axis l>6ing 82^ 45', and the 
longitude of the ascending node being 74" 25', or the tilt of the axis 
being in the direction of about 19 hout’s in right ascension, it follows 
that, in each year, the south pole of the sun is most turned towards 
the earth in the beginning of March (about the 6th), and the north 
pole most towards the earth iii the beginning of September (about the 
6th), At the two intermediate epochs, in Jiuie (about 5th) and 
December (about Otli), neither pole is turned towards or away from 
the earth, but occupies an intermediate position. Hence we see that 
the equinoxes occur in the same months as those in which one or other 
of the solar poles is turned towards the earth, while the neutral* 
positions of the solar poles in relation to the earth occur in the same 
months as the solstices. 

The accompanying diagram shows graphically the relation between 
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$*10. 1.-“Curve* showing the relation between tbe change of dwlination of the 
8un (broken eurre) and the position* of the 8un*» north and aouth pole* with 
regard to the earth (continuott* curve) throughout a year. 

the two ourvea representing the variation of the sun’e declination and 
change of the latitude of the sun’s [oentre or the variation of the 
f tilt of the solar poles, in relation to the earth throughout 

,:lt will be seen that the curve representing the tilt of the solar wa 
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is nearly (a little less than) a quarter of a phase in advance of that 
indicating the declination change, so that the maximum or minimum 
point of the latter curve is only slightly in jidvance of the mean points 
respectively of the former curve. 

If, therefore, these solar polar regions are capable of disturbing 
the magnetic and electric conditions on the earth, as has been 
above suggested, then, when they are most directed to her at the 
equinoxes, the greatest effects <luving a year should be recorded, and 
when they are least directed the effects should l)e at a minimum. 

It will not be necessary here to refer at any great length to statistics 
relating to the annual inequality of magnetic distui'hanees and aurorm, 
for these have been very efficiently worked out and the results 
published by Mi*. William 'Ellis.* 

Mr. Ellis has shown that the curves of frequency of magnetic 
disturbances at Greenwich and Paris are very similar, “showing 
maxima at or near the equinoxes, and minima at or near the solstices.” 
These also, he further points out, are similar, with regard to the epochs 
of maxima, to the curve representing the frequency of the aurora at 
London. In the case of aurorjc observed in Edinburgh, North-East 
Scotland and in <lifferent regions in Scandinavia, the months in which 
the greatest frequency is recorded are Septeml>er and October (perhaps 
more generally Octolier) and March and April (perhaps more generally 
March). Mr. Ellis is inclined to the opinion that there is a small 
tendency for the autumn maximum to become a little later (from 
September to October) and the spring maximum somewhat earlier 
(from April to March) as higher latitudes are approached. 

Further, he points out that in more northern latitudes the mid¬ 
winter minimum of lower latitudes appears to diminish and eventually 
disappears, so that the curve of frequency of the auroia between 
Octol^r and March is practically flat with a small intermediate 
maximum about January. This change in form of the frequency curve 
in regions in close proximity to the magnetic pole, and where the con¬ 
ditions of day and night are so diftbrent, is of great interest, but 
requires careful consideration before it can be regarded as representing 
real auroral changes. 

The accompanying curves, fig. 2, illustrate the relation throughout a 
year between the positions of the earth^s poles with reference to the 
sun; the positions of the sun’s poles as regards the earth; the 
frequency of magnetic storms at Greenwich and Paris; and lastly, the 
frequency of the aurora as observed at Edinburgh and at stations in 
Scandinavia below latitude 66“ N. The first two curves are those that 
have already been given in fig. 1, but plotted differently;. They have 
here been so arranged that the maxima points represent the epobl^s 
when each of the poles is most inclined to the sun or earth as the cM 

^ : Monthly Notices, B.A.S.,’ rol. 60, p. 14$, voi. 61, p. m j vol p/fW; 
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may be. Both the magnetic and auroral curves represent four of the 
set of curves which Mr. Ellis* has recently published. 

It need scarcely be pointed out that the low minima of the auroral 
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Fto. ^Curves iliowmg the relationship between the positions of the Sun's north 
and south polos with regard to the eartli and the frequency of magnetio 
disturbances and aurorm throughout a year. 


curves during the summer months are due in great part to the short- 
MB of the nights, and therefore to the restriction of the time 
ibvailable for aurora observations. 

T4® coincidence in time between the epochs <rf the ma^ma of the 
• * Monthly Notices, E.A,8./vol. H p. 280* 
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frequency of magnetic. disturbances and aurcjrae, and those oi the 
greatest inclination towards the earth of the north and south solar polar 
regions is clearly indicated. 

It is interesting to inquire in what way this yearly inequality of 
terrestrial magnetic phenomena is influenced when the sun's polar 
regions are, for different groups of years, in an undisturbed and 
disturbed condition. 

It would be expected that the oscillation of more disturbed solar 
polar regions towards and away from the earth would tend to imreme 
ihs differmce between the frequency of magnetic disturbance at the 
equinoxes and solstices, while this difference for those years when the 
less disturbed solar polar regions are in action, should l>e somewhat 
reduced That this is actually the case is brought out by the figures 
which Mr. Ellis has given in the publication of which mention has 
already been made. 

Since the greatest magnetic storms are closely associated in point of 
time with pr(»minence disturbances in the polar regions of the sun, to 
make the necessary comparison, therefore, the years in which “ great*" 
magnetic storms occurred should be grouped together and the yearly 
inequality determined, and another group of years in which great" 
magnetic storms wore loss fi’oquont formed and the yearly inequality 
also (letermiiiod. Fortunately a computation already made can be 
utilised for this comparison, for Mr. Ellis has determined the number 
of days of greatei' frequency (near sunspot maximum), and lesser 
frequency (near sunspot minimum), of magnetic disturbance, both 
groups practically including the conditions required. Thus he has 
formed groups of the years 1848-^51, 1858—01, 1869—72, 1882—85, 
1892—95, which include, at any rate for the last three groups, the 
yeai's where prominences were in high latitudes and another aeries of 
groups of years, 1854—67, 1865—08, 1876—79, 1887—90, whioh are 
years when prominences were leas frequent in those regions. 

The interesting conclusion to which Mi‘. Ellis arrived was that “ the 
excess of the equinoctial frequency over the solstitial frequency is 
greater, the greater the degree of disturbance." 

This result thus helps to endorse the suggestion made in a previous 

^ The fact that oontinuoua observation of solar prtiiminenceg wae only com* 
monced in 1870 aoconnU for our lack of knowledge of the frequency of thii 
eUiee of phenomena before that date, Since, however, during the last three bxl\u 
epofc cycles it hay been observed that polar prominenocB ere most frequent just a 
little after a sunspot tninimuiu end up to and at the epoch of the following sum^t 
maximum, it may be concluded that their appearance previous to the year 1870 
ocourrod at the same times in relation to the eutispot cycle. groups of yeaahi 

previoiv to that date, namely, 1848and 1868—61, may on those gmtwrib bo 
elaesed as years in which polar prominences were presani, whUtt the 
1864—67 and 1865—68 may be taken as epochs when polar pronunenofts wore npt 
so frequent. . ■ » . . 
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paragraph that the greater the disturbed solar polar regionsy the 
greater the difference between the magnetic frequency at the equinoxes 
and solstices. 

(■(miusion:^. 

The conclusions arrived at in the above paper may bo briehy .stated 
as follows :— 

1. The seasonal variation in the frequency of magnetic storms and 
aurorse depends on the positions of the Bun^s axis in relation to the 
earth. 

2. The epochs of the greatest inclinations cd the sun's axis towards 
or away from the earth, or in other words the greatest exposure of the 
N. or 8. solar polar regions to the earth during a year, corresjwnd to 
those of greatest magnetic and auroral frequency, 

3. The epochs (groups of years), when the solar polar regions are 
most disturbed, synchronise with those when the excess of the 
equinoctial over the solstitial frequency of magnetic storms is greatest. 


The Fossil Flora of the Culm Measures of Nortli-west f^evou, 
and the Palmol:}Otarucal Evidence with regard to the Age of 
the Beds."' By E. A. Newell Arbek, M.A., F.L.S., F.G.S., 
Trinity College, Cambridge, University Demonstrator iu 
Palaeobotany. Communicated by Professor McKenny HnniiKS, 
F.liS. Beceived May 30,—Bead June 9, 1904. 

(Abstract.) 

The carboniferous rocks which occupy an area of 1200 square 
miles in Devon, Somerset, and Cornwall, are generally known as 
the Culm Measures, a name jfirst applied to them by Sedgwick and 
Murchison in 1838; the word ‘*culm” being an ancient Devonshire 
term for the impure coal, which is confined to one horizon in these 
beds in the neighbourhood of Bideford, 

Sedgwick and Murchison, in their classic memoir on the physical 
structur^e of Devonshire (1840), instituted a twofold division of these 
rocks, the Upper and the Lower Culm Measures, and this classification 
is maintained here. At the present time, our knowledge of the Lower 
Culm Measures is on an altogether different fooHng to any which we 
possess of the Upper division. This is largely due to the work of 
Mossrs. Hinde and Fox (1896), who showed that this division is of 
Lower CJarboniferouB age. The Upper Culm Measures, which form by 
far the greater thickness of the Devonshire carboniferous rocks, are, 
of Upper Carboniferous age. This was first proved by 
J^la Beehe (1538), on the evidence of the plant remains of the beds 
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near Bideford, and thia conclusion was confirmed and maintained by 
Sedgwick and Murchison. 

The present paper is an attempt to extend our knowledge of the 
distribution of Carboniferous plants in Devonshire, and*alao to deter¬ 
mine the horizons in the Upper Carboniferous, which are represented 
by the Upper Culm Measures. 

The task of the collection of well-preserved plant remains from these 
rocks has been exceedingly difficult, partly on account of the severe 
crushing and folding which the strata have undergone, and partly 
because, with one exception, the coal or culm is no longer worked in 
the distnct. The best-preserved impressions are only found in close 
association with the culm, and, at the present time, few traces of 
former culm workings remain, and these are fast disappearing. Thus, 
the specimens described here, are in some respects unique, and, in many 
cases, only a single example of the species is known. 

The coal or “ culm forms a number of inconstant bands of no great 
thickness, which run from the western coast-line through Bidefoixi for 
a distance of 12 miles to the east, near Chittlehampton. These bands 
are practically confined to one horizon, and this is one of the very few 
horizons which can lie recognised in the great series of the sandstones 
anti shales of the Upper Culm Measures by its lithological character. 
In the present paper, attention has been confined to the flora of these 
beds. 

Heveral species of plant remains have been already recorded by 
l>e la Beche, Sedgwick and Murchison, and T. M. Hall, and, of mostf 
of those, further .specimens have been collected, and, in addition, 
many records new to Devonshire have been made. Among the latter 
may be mentioned the first British record of Keurapiem SMeluini, 
Btur, a frond of common occurrence in the Coal Measures of the 
Continent, and a leaf new to Britain, which somewhat recalls Dawson^ 
genus, Me^ahpterm, chiefly known from the Coal Measures of Canada 
and the United States. 

Determinations from the Bideford District. 

Equiseiales, 

(Jakimites {CahimUina) undulatusy Sternb. 

(Jalaniites (^Eucalaviittis) rainoms^ Artis. 

Calmiiks (Stylorahmiks) Suckowi^ Brong. 

Catamites {CalamUim) variaiu^ Sternb. 

Calamites sp. (external surface). 

Anrmlaria mduiki, Brong. 

Anmdaria galioides (L. and H.). 

Calaniodadm equimtifOi'mu (Schl.), 

Calmnocliulm ckmvf&rmk (Sternb.). 

Calmtmtachy^ UmgifoUa (Weiss). - * f 

Ptnnw/mtt sp. ^ 
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Sphenophyllalea. 

Sphenjophylhim mneifolnim (Sternb.). 

Chjafdofilim. 

Nexcropteru dilupia (Brong.). 

NcMnpteyis Schkkmiy Star. 

Alethoptervi Serli (Brong.). 

AkthopierU hnchitica (Schl.). 

Filiaik^ (?). 

Marioptem imvrkaia (Schl), 

UrmitopkriH tmella (Brong.). 

Uenimltia footneri (Marrat). 

Rmmltia schaizkiremk (Star) (?), 

Megaloptem (/) sp. 

Lj/copodiulea. 

Ijepidodendron aculeatumy Sternb. 

Lepidodetulron oliOvaUm^ Sternb. 

Lqmkkk'ndron fmifmnf.y Corda. 

Lepuiophloios amvs-Uii (L. and H.). 

Sigilhiiia smiellain^ Brong. 

Sigilla/i'ia temllafo, Brong. 

Stigrmrm Jimde^ (Sternb.). 

Coi'daiialeix. 

Cordaites (Ariimi) sp. 

Inceriw nedu. 

TrigormwxptiH FarUniimi^ Brong. 

The opinions which haye l>een hold with regard to the ago of 
the Upper Culm Measures of Devon, and the horizons which they 
represent, may be briefly sumraarisod as follows:—De la Beqhe, and 
Sedgwick and Murchison regarded these beds, as has l)een already 
stated, as the equivalents of the Upper Carboniferous in other British 
Coalfields, and by the year 1840 this conclusion was generally 
accepted. There appears to have l)een some doubt, however, in more 
recent times as to the exact subdivision of this great series to which 
the Bideford beds should be referred. Townshend Hall (1866—1876) 
regarded them, on lithological gmunda, as the equivalents of the Mill¬ 
stone Grit, Pengelly (1867), and Murchison (1872) referred them to 
the Coal Measures, and Mr. H, B. Woodward (1887) doubtfully to the 
Lower Coal Measures, Mr. Ussher (1888—1901) has not expressed 
any decided views on this subject; he appears to be inclined to 
support Hall’s view that these beds are equivalent to the Millstone 
Grit: in other areas. 

We see, therefore, that previous conolusiona, based on grcnmds 
than paleontological, have apparently not been put forward 
confidence. 

■■■■■ . ■' ' 
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It may be also noticed that there would seem to be a tendency at 
the present time in certain quarters to regard the Culm Measures 
as essentially a Lower Carboniferous series of deposits. Professor 
HulVs* (1881) opinion that “the flora of the *culm'*^ belongs “to 
the Lower Ca]*boniferous aeries of Devonshire" is a (wise in point. 
This view is not, however, shared by all British geologists. It has 
arisen partly from the fact that the older literatime has to some 
extent been lost sight of, and partly from the great interest aroused 
by the vmrk of Messrs, llinde and Fox, which has brought into 
special prominence that portion of the Culm Measures which is of 
Lower Carboniferous ago. We htave also in I'ecent years gained a 
more intimate sequaintauee with the flora of the so-^callod “ culm 
or “ kulm of Germany, Austria, and elsewhere on the CJontineut; 
deposits of Lower Carboniferous age, as shown by the character of 
their fossil remains. 

In recent yeai's wo have come to know more of the distribution of 
fossil plants in the Coal Measures of this country, chiefly as the 
result of Mr. Kidston^s I’esearches, and it is now possible to distinguish 
clearly a certain number of horizons in the Upper Carlmniferous, 
During Upper Carboniferous and Permian times, periods which belong 
to the same botanical epoch, the general character of the flora in its 
broad outlines remained constant. Yet detailed study has shown that 
it is possible to detect the gradual changes which took place during 
this interval, and the underlying principle of zoning the Carboniferous 
system depends upon the recognition of definite periods in which 
these changes became more marked. Thus the general character 
of the flora of the Bideford district is identical with that fmmd 
elsewhere in Britain in MMk Coal Measure times. The majority 
of the species recorded here are known to occur in both the 
Middle and Lower Coal Measures, But there are also others, such as 
Jleihopteris Serlit and Calamocladits char(rformi% which are \inknown 
from the Lower Coal Measures, and others again, such as Sigilhria 
temllata and Neuropteris ohlujua, which are markedly more abundant in 
the Middle than the Lower Coal Measures. In other words, the 
change in the general character of the flora of the Upper Carboniferous, 
as traced from the base to the summit, is already marked on this 
horizon by the presence of species which are not found in the lower 
beds. On the other hand, there is an entire absence of certain genera 
and species, especially of the genus Pecopk^ns, which ai*e charaeter- 
iatk in this country of higher horizons such as the Upper Coal 
Measures. Thtxs the hotizan in the Upper Carboniferous r^esmkd bp 
(haiporiiofi of the Upper Culm Measures in which the cold or mlm occurs in 
the Jiideford districl is epdmknt to the Middle Ooai Mmsu/res in other 

< Coil Helds of O-mtBiitsm,* 4 th ^ - 
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BrUkh (ml'fieldH; a higher horizon fchan has so far boon assigned to 
these beds. 

Xhero is also evidence of a different nature which points to the 
conclusion that the Lower Coal Measures are also represented hi 
Devon. In beds at Instow, some miles to the north of Bideford, 
which arc ndmitUjd to occupy a lower horizon than those at Bideford, 
fish and Goniatite remains have been recorded by the late Townshend 
Hall (1876), The hsh remains are estuarine, and belong to the 
following species;— 

iJidamritkufi elrgannj Newb. 

Elojiirhthys aitkmi^ Traq. 

The Goniatites are as follows;— 

Ga.strm'eraii mrhnmriuin (von Buch). 

Gaatriormu lAderi (Martin). 

Most of these species are, I believe, characteristic of the Lower Coal 
Measures, although not confined to that horizon. 

With regard to the higher l>eds of the Culm Measures—the Eggosford 
Grits in Mr. Ussher^s classification—there is no evidence of horizon at 
present, but it is hoped that the examination of these rocks which is 
shortly to bo undertaken will be successful in solving this problem by 
means (jf the plant remains which are known to occur in this series. 

Lastly it may bo pointed out that the use of the term ** culm or 
♦‘kuim,” with regard to certain series of deposits in Germany and 
Austria, is particular!}'' unfortunate, for these bods are entirely of 
Lower Carboniferous age, its is shown by the character of their plant 
remains, now well known from the reseai’ches of Star, Gbpport, 
PotonW, and others. Although Lower Carboniferous rocks of great 
interest occur in Devon and the adjacent counties, they form only a 
small fraction of the thickness of the Culm Measures which, as a 
whole, are essentially Upper, and not Lower Carboniferous in age, and 
U) which, in part at least, the ordinary nomenclature applied to other 
British coal-fields has been shown here to be appb’cable. > 

I am under groat obligations to many geologists for assistance 
during the course of this work, obligations which will be acknowledged 
at length in the paper, 1 cannot refrain, however, from expressing 
my groat indebtedness to Mr. Inkermann Rogers, of Bideford, for the 
time and patience which he has devoted to the collection of plant 
remains with a view to helping forward the work. 
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The Lethal Concentration of Acids and Bases in respect of 
Panmuhcium aAirditC' By J. 0. Wakelik BahRATT, M.D., 
B.Sc., Lend., British Medical Association Beseareh Student. 
Communicated by Sir Victor Horslky, RR.S. Received 
June lo,—Read June 16, 1904. 

(From tUe Fh.ywologis'ohca Institat, Q-Mtmgen.) 

The present investigation arose out of a research on chemiotaxis, in 
the course of which it became apparent that a pre-condition of the 
correct understanding of the nature of chemiotaxis is the quantitative 
determination of (1) the concentration of the acid and alkaline solutions 
employed for the study of chemiotactic phenomena, and also of (2) the 
absolute weight of Paramoecia (or other organisms) added to such 
solutions. So long as these dtita are unknown, chemiotaxis can only 
be investigated qualitatively, and such facts as are ascertainable solely 
by moans of quantitative observations lie beyond the limits of research. 

In order that the acid and alkaline liquids employed may bo readily 
comparable one with another, equimolecular solutions are employed in 
this investigation. The absolute volume of Paramoecia employed in 
the different experiments was determined by means of the luemocrit, 
as in the case of red blood-cells, and from this the weight of Paramoecia 
was ascertained. In those experiments in which an approximate 
determination of the weight was sufficient, the Paramoecia were counted, 
a modification of the method used for the enumeration of red blood- 
cells being adopted. 

In all cases the Paramoecia were obtained in as rtearly as possible 
the same condition. They were removed by centrifugalisation from 
the liquid in which they had been cultivate, and placed in a large 
bulk of distilled water for 24 hours before use. At the end of this 
time they were again concentrated, by centrifugalisation, into a small 
bulk of fresh distilled water, and were ready for use. In this way 
contamination of the acid and alkaline solutions employed was avoided, 
and the modification of chemiotactic reaction brought about by the 
medium used for cultivation was also, as far as possible, avoided. 

The method of investigation adopted for deternnining the lethal 
concentration of acids and alkalies consisted in placing Paramoecia in 
solutions of gradually decreasing molecular concentration, arranged so 
as to form a geometrical series, each succeeding concentration being 
half that of the preceding, and noting the time at which death oceuTOd, 
In all the experiments quoted, in order to make certain that the 
extremely dilute solutions employed were accurately prepared, their 
relative conductivity was determined. The latter f^ieasured by 
the deflection of a sensitive galvanometer, when a fixed potxmtihi 
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difference was established between platinised electrodes immersed in 
the acid and alkaline solutions employed. 

The action of acids and bases upon Paramoecia is shown in Tables I 
and 11. The acids employed are divided into three groups, according 
to the degree to which they are dissociated; the first consisting of the 
strong mineral acids, hydrochloric, nitric and sulphuric; the second 
including the organic acids, formic, lactic, oxalic, tartaric, citric and 
acetic, together with phosphoric acid: while the third group is made 
up of extremely weak electrolytes, namely, carbonic, carbolic, hydro¬ 
cyanic and boric acids. Similarly the bases employed be arranged 
in three groups : the first consisting of the strongly dissociated metallic 
alkalies; the second being represented by the feebly dissociated 
ammonium hydrate; and tlie third consisting of the extremely weak 
electrolyte aniliii. In the second column of the tables, the figures in 
brackets represent the time, in minutes, which elapsed before all the 
ParamoBcia employed were killed. The latter were added in the 
proportion of about thirty to every 10 c.c. of liquid, ami did not 
appreciably affect the concentration. The temperature of experiment 
was 16* C. to 18* C. 

In O'OOOl IS concentration* the strong mineral acids are nearly 
equally lethal Some of the weak acids of the second group, in the 
same concentration, are more lethal than the mineral acids, namely, 
acetic, lactic and oxalic acids; while others of the same group are less 
so, namely, phosphoric, citric and acetic. On the other hand the weak 
electrolytes are lethal in a considerably higher raolocular concontration, 
reaching in the case of hydrocyanic acid 0*3 N. 

Since the rate at which chemical change takes place is dependent 
upon ionic concentration, the dissociation co-efficient calculated from 
the conductivity (18" C.) or the dissociation constant (25 ' C.) is given, 
so far as the available daU permit, in the third column of the tables, 
and the corresponding ionic concentration in the fourth column, the 
latter being the product of the concentration and dissociation 
coefficient. 

The weak acids are more lethal in less ionic concentration than the 
strong acids, and the extremely weak electrolytes exhibit the smallest 
ionic concentration, that of phenol forming the limit of the series. 
Excluding phenol, however, it is seen that when the acids employed 
are arranged in the order of their dissociation (Table I), the diminution 
in ionic concentration proceeds at a much slower rate than the increase 
of naoleoular concentration. 

The strong alkalies are similarly less toxic than the weak alkali, 
ammoniiun hydrate, and the latter again is considerably less so than 

^ ooneenlJratiou given in the tabiet ie equivaleot, except for carbomo and 
which rej^arded as binary oozniK>unds, and whose concentration 
jfe|weal^liW fraame-molecule^ 
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Tal.le II. 


i 

1 Letlml 

j (5onc<n»trat>ion foi* 

! Pfjtravifxfciifm \ 

Dissociation 

I'oeincipnt, 

C^^rrespoJidiiig 

OH" iomc 
oontjcnfcration. 

KOH. 

(1*002 N. 

(60') 

(«>') 

0 *90 

0 *(X)192 K, 

NaOU. 

0 *(KJ2 

0-98 

0 00196 1 

LiOH. 

0 •(X>:i 

(10') 

— j 

f 

Ca(OH)... 

0 ‘im 

(10') 

0 -OH 

0 -00190 1 

. 

0*002 

( 5') 

0 i)8 1 

0 -00196 ! 

Ba(OH;. 

0‘0(.i2 

( ^>0 

0 *998 

i 0 *00199 

NH4orj ^. 

0 *001 

( 2') 

0 1 i 

0*00014 , 

.. 

0*OA 

(150 

0*00(008 

0 000004 


auilin, whoso ionic concentration (4*3 x 10“'^N) is about one five- 
hundredth of that of lithium hydrate (1960 x for a nearly 

equal lethal effect. 

The metallic alkalies can be arranged in two periodic groups, the 
mean lethal concentration of the one (K, Na, Li) being greater than 
that of the other (Ca, Sr, Ba), when^PararniBcia are killed in nearly 
equal times. Further, the lethal effect runs parallel to the periodic* 
order of these metals, as is exhibited in Table Til, in which the atomic 


Table IIL 


tlttJUp I. ! 

Death ratiea-d 
bj 0'002 N. 

ftohitioii ! 

(Table 11) in 

Oroup ff- 

Death cftiis(nl 
by 0*002 N. 

solution 
(Table 11) in 

Di, at. wt. 7 

diff. 16 

to mini*. 

Ca, at. M't. 40 

diir. 48 

XO mins. 

IVtt, 29 , 

diff. 16 1 

40 „ 

8r, „ 88 

diff. 49 

« 

K, n 39 

60 „ 

Btt. „ 147 

6 


weights are given, and the lethal periods repeated from Table II, 
When the hydrates of calcium, strontium and barium are employed in 
solutions of weaker concentration, so as to permit of a more accurate 
determination of the lethal period than is possible when observation 
extends over so short a period as 6 minutes, it can 1)6 shown that 
strontium hydrate is less toxic than barium hydrate, but the dilfereuee 
between the latter hydr ates is much less than that between strontium 
and takimn hydrates. Similarly the difference in lethal character 
b«|bw and potassium hydrates is much less marked than that 

sodium and lithium hydrates. It is not possiMe, owing to 
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their insolubility, to employ the remaining members of the above 
periodic groups in the present investigation. 

The considerable difference in ionic concentration both of acids and 
of bases, for a neaily equal toxic effect, shows that such effect is not 
hydrolytic in character, for in such a case the concentration of H"*" or 
OH“ ions would be constant for each series. The relation fwtween 
periodic grouping and lethal character, exhibited by strong alkalies, 
supports the view that the latter is dependent upon a chemical reaction 
not hydrolytic in character. 


** Contributions to the Study of the Action of Sea-anake Venoms. 
—Tart 1.” By Sir Thomas E. FitAsKU, Ml)., F.]t.S., Pro- 
fensor Materia Medica in the University of Edinburgh, 
and Major E. H. Elliot, on Special Duty for Snake 

Venoni Eesearch, under the orders of the Secretary of State 
for India. Received May 10,—Read June 9, 1904. 

(From thv Phamiaeolog}' Laboratory of the UniTersity of Edinburgh.) 

(Al)stract.) 

The only important contributions to the literature of the sxibject 
with which we are acquainted, are those recently made to the Royal 
Society l)y Captain Leonard Eogers, T.M.S. 

Whilst acknowledging the value of these papei*8, we desiie to shiW 
that our work was planned before we saw them, and has in all respects 
been independent of them. 

The vmmts ami in this research were those of two species of Sea- 
snakes :— 

1. That of Enhidrina FalaJcadien (a) expressed in Madras by 
Dr. Pinto from the venom glands of freshly killed large snakes and 
sent to us in the <lry state, and {h) extracted by us from the dried 
glands of small snakes which had 1 >6611 collected by the same gentleman, 
and, 

2. That of Enhydru Curtua, prepared in the same way as the first- 
mentioned specimen, of which, howcA^er, only a small quantity was 
procured for us by Dr. Pinto. 

21ie MhvimniinrLHthal Ihsu's of the Variom Spedmmi^ of Fermtu 

1. (a) Expressed EnhtfdTiTUi FaluJhudien venom ? 

M,L,D, for rats 0*00009 gramme per kilo, of body weight 
for rabbits ^ 0*00006 „ „ „ 

for oats - 0*0002 „ ^ ^ 
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The minuteness of these doses proves that sea-snake venom is the 
most lethal of all sul>stanocs whose lethal power has been determined, 

1. JSnhpdrim Falakatlien venom extracted by us from dried 
glands:— 

This proved to possess a lethality rather less than half that of the 
expressed venom. 

2, Expressed Enhi/dru Cnrtm venom :— 

M.L.IX for rats—^between 0*0005 and 0*0006 gramme per kilo. 

The minimum-lethal doses for rabbits and cats likewise proved to be 
higher than those of the Enhydrina venom. 

We mention this difference in lethality between Enhydrina and 
Enhydris venoms without laying stress on it, as we are unable to be 
certain that it was not due to some change which the l*aihydi*is venom 
had undergone, 

Chrnparison of fh^ Belative Ldhality of Enhydriva and Cohra Venonu 
fm' Farkm Anirnah, —An active specimen of Gol)ra venom was taken, 
the M.L.D/s of which for rats, rabbits, and cats had been found to be 
0*0005, 0*0006, and 0*010 gramme respectively*, per kilo, of body 
weight of animal. Expressing the smallest M.L.D, in the case of each 
venom as the unit, we find the relative lethality for the different kinds 
of animals to l)e the following:— 

Cobra venom, rats =« 1; rabbits 1*2 ; cats =*= 20. 

Enhydrina venom, rabbits ~ 1; rats ^1*5; cats 3*11. 

The difference in the cat-rodent relationship is csj)oeially suggestive 
of a marked difference in the physiological actions of the two venoms, 
and the reversal of the rat-rabbit relationship is also of some sigJiifi- 
cance, in the same connection. 

Symptoms of Sm-stui/ce Foimning in AnimaU. —Ir» the main these 
symptoms resemble those of cobraism, btit the dyspiuca is more urgent, 
probably because the heart is not directly affected by the venom, as it 
is in cobraism. 

We have observed that lid-rise of the lower lid is a constant sign in 
Enhydrina poisoning, as it is in the course of poisoning by the venom 
of the Cobra and Krait. It appears to be produced by an elastic 
rebound of the lid, causetl by paralysis of its depressor muscle, probably 
central in origin, and it is closely comparable with the ptosis met with 
in eobraised men and monkeys. 

Of the two i)oints dealt with above, the first suggests a difference 
between the actions of Cobra and Enhydrina venoms, and the second a 
xesemblattce between their actions. 

fh$ of CalmeUdH Serum and Enhydnmt Fmmn Compared 

mtk iJud Cobra Femm and the same A sample of 

which proved to be definitely antagonist to Cobra 
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venom, exerted only a very feeble action againBt the venom of 
Eviliydm (hirtus-. The venoms wei*e mixed together and left in contact 
irith the serum in rUrn for half an hour before injection, We thus have 
obtained definite evi<l(ince of a chemical difference in the composition 
of the two venoms, from which differences in their actions may 
e<mhdently be anticipated. 

of Ej'fiemnenf These were:— 

(1) Perfusion of the frog-ventricle with solutions of Euhydrina 
venom. 

(2) Perfusio)! of the ves.selH of pithed frogs with solutions of 
Enhydrina venoiin 

(3) Kymographio experiments, in which the blood pressure, respira¬ 
tory movements, etc., were recorded and studied, both before 
and after the intravenous injection of Enhydrina venom. 

Th(- movements of the auricle and ventricle were also studied during 
life by removing a portioit of the chest wall, and attaching 
levers to the heart by hooks and silk threads. Venom was 
intravenously injected, and the results recorded and noted. 

(1 ) TIhi state of the phrenic, sciatic and vagal nerve-ends was 
stmlitMl inunediatel)^ on the occurrence of death in animals- 
vvhieli had received various lethal doses of Enhydrina and 
Enhydris venoms. The secondary current ’was used for this 
purj)osc, and the distance of the secondary f? om the primaiy 
(‘oil, when a muscular contraction was observed, was noted and 
stated in millimetres. 

(5) The medulla oblongata of rabbits was exposed and Enhydrina 
venom was dropped upon the medulla at the region of the 
respiiatory centre, liespiratory movements were recorded on 
a drum, with the aid of a double stethograph. 


SiNtrmm/ of Ilemiih. 

(1) Enhydrina venom has no direct action on the walls of the 
arterioles, or at Icfist has no action in any strength of solution which 
could be present in the blood of a human victim of Sea-snake bite. 

(2) Enhydrina venom acts directly on the isolated frog ventricle^ 
producing a tonic and stimulating effect, but this action is produced 
only by very strong solutions (1: 5000). The heart-beat is quickenedt 
and the result is therefore similar to that produced by very weak^ 
solutions of Cobra venom (1 :1,000,000 or weaker), 

(3) By experimenting with the mammalian heart ejqposed iifi 

have clearly shown that Enhydrina veimm has no direct action oh the 
vagal cardio-inhibitory centre. This affords a fitrikipg contraet 
the condition olwerved in Cobra poisoning. In the latter ca«e, the ■ 
powerful tonic and stimulant action of the venom' on tto 
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^or more probably on its nerve-ends) is masked by equally powerful 
and direct stimulation of the cardio-inhibitory centre. In Enhydrina 
poisoning, on the other band, the complete absence of cardio-inhibition 
leaves the feeble tonic action on the heart free to manifest itself, as 
appears to be displayed in several of our tracings. We (‘annot other* 
wise explain the increase in rate of the heart-boats which we have not 
infrequently met with in our experiments. 

(4) hlnhydrina venom has apparently no direct action on the Viiso- 

motor centre. Rogers found that on the injection of a Yiperine 
venom, or of the venom of the Barjded Krait famakL^\ into 

an animal, a marked fall of blood pressure occurred, which was of 
central origin. In an investigation made by one of us with Drs, 8illar 
and Carmichael (of the Materia Medica Laboratory, Edin}»urgh), it 
was found that a similar and powerful action is exerted Ity the venom 
of the common Krait (R. The absence of any such action by 

the venom of Enhydrina is therefore worthy of note. 

(5) The blood-pressure curve in Enhydrina poisoning is a remarkably 
steady one, provided that moderate doses of vx^nom are given and that 
care is taken to avoid the injection of large volumes of fluid into the 
blood vessels. This is due to the fact that the l^lood pressure is 
exposed neither to the influetioe of the rival forces which act on the 
heart so strongly in cobraism, nor to the direct vasomotor changes 
with which we have dealt in the preceding paragraph. 

(6) The respiratory mechanism is that which is chiefly aftected by 
Enhydrina venom. If large lethal doses are employed, such as Kogci's 
appears to have confined himself to, respiration falls rapidly, and a 
considerable rise of blood pressure, asphyxial in origin, may precede 
death. The heart-beat then quickly slows, aiul blood pressure falls 
with corresponding rapidity. 

Obviously, those are simply the phenomena of rapid asphyxiation. 
If, however, smaller doses of venom are employed, no marked rise in 
blood pressure occurs. The ordinary level is maintained until near the 
occurrence of death; the beat then slows, and the blo(><l pressure falls. 
Here we have an expression of gradual cardiac faibire, brought about 
by slowly progressive asphyxiation. The absence in slow Enhydrina 
poisoning of the large asphyxial rises of pressure, which are so charac¬ 
teristic of the final stages ^ Cobra poisoning, is readily explained by 
the fact that Enhydrina venom has no direct constrictive action on the 
walls of the arterioles, such as Cobra venom possesses, 

" (7) As to the part of the respiratory mechanism that is affected by 
%^nake venom^ the rapidity with which respiration is affected, both 
irenom is injected into a vein, and also when it is applied directly 
^ the medulla oblongata, leaves no room to doubt that the respiratory 
directly oct^ on by the venom. On the other band, we liave 
some degree of motor nerve-end paresis is constantly 
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present in animals dying from the effects of subeutanemia injectiona 0 % 
this venom. We have also emphasised the fact that, in experiments 
carried out by dropping venom on the exposed medulla oblongata, we 
have failed to kill animals through the respiratory centre with their 
motor nerve-ends still undamaged. In this respect, we have shown 
that Enhydrina venom differs in its action from Cobra venom. It 
would therefore appear that, in poisoning with Enhydrina venom, 
motor nerve-end paresis plays a much greater part than it does in 
cobraism. It is not difficult to suppose that a blunting of the motor 
nerve-ond mechanism, even though far from absolute, may seriously 
add to the embarnissment of a centre w'hieh has already been directly 
and gravely enfeebled. We hope to return to this and other points 
in a future communioation. 

In conclusion, we desire to express our sense of indebtedness to the 
India Office, to the Government of India, and last, but by no means 
least, to the Madras Government, for the assistance and facilities 
which they have given us in the carrying out of this research. 


On the Action of the Venom of Bungarm aendem (the Common 
Krait)/' By Major K. H. Eluot,* W. C. Siliak, 

M.B., B.Se., Lecturer on Experimental Pliarmacology, Senior 
Assistant in the Materia Medica Department, University 
of Edinburgh, and Gkouge S. Cakmichakl, M.B., Ch,B., 
Assistant in the Materia Medica Department, University of 
Edinburgh. Communicated by Sir Thomas R. Fhaskk, M,D,, 
F.K.B. Received May 12,—Read June 9, 1904 

(Froto the Pharaiatiology Laboratory of the University of Edinburgh.) 

(Abstract.) 

The only previously recorded work known to us on this subject was 
performed by Captain L. Rogers, LM.S., and fajs results were published 
at the beginning of the present year. 

Exj)erimcnts wore performed by ns in the Pharmacological Laboratory 
of the University of Edinburgh with the following restilts:— 

I. We determined the minimum-lethal dose of the dried venom for 
frogs and small mammals, rats and rabbits only being chosen, as our 
stock of the venom was very limited. We found that the for 

the frog was about 0*0005 of a gramme per kilo., for the rat 
0*001 gramme per kilo., and for the rabbit the remarkably low dose 
of 0*00008 gramme per kilo. ; 

^ On tpeciul duty fot Siiahe-vetioitt ve»earoh, under the orders of the ftsoretary " 
of State for inditt. ; 
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II» We found that Calmette*s anti-venomoua serum in quantities 
sufficient to protect rats against ten minimum-lethal doses of Cobra 
venom, in the same quantities was quite powerless to protect these 
animals from similar doses of Krait venom. 

III. We studied the condition of various nerve terminals, both in 
animals that die after poisotiing by Krait venom and in nerve muscle 
preparations from the frog, and found that the integrity of these nerve 
ends was invariably involved at a comparatively early stage in the 
poison. 

IV. The blood was carefully examined and no evidence of ante¬ 
mortem clotting or intravascular haemolysis was discovered. 

V. We examined the action of Krait venom when its solution was 
perfused through the isolated vessels and heart, respectively, of the 
frog. We found that this venom, while resembling in action that of 
Cobra venom, differs greatly in the degree of constriction of vessels 
and enhancement of ventricular contraction produced. Cobra venom 
exercises an action in these directions many times greater than that of 
Krait venom. Cardio-plebhysmographic tracings are shown. 

VI. Studying the manner in which the vital functions of mammals 
(rabbits, cats, and dogs) were influenced when exposed to the action of 
this venom, we show by means of kymographic and plethysmographic 
tracings that the vaso-motor centre is strongly affected, a suspension 
of the activity of this centre, as shown by the great splanchnic dilata¬ 
tion, rapidly ensuing after its transient stimulation. There are also 
indications of a feeble cardio-inhibitory action. The experiments and 
illustrative tracings likewise show that death is brought alxmt by 
destroying the activity of the respiratory centre. 

VII. From these results the conclusion may be arrived at that while 
the symptoms produced by Krait poisoning are similar to those of 
Cobra poisoning, they differ so much in relative degree as to render it 
doubtful if they can properly be spoken of as identical. 


Dr* R l\ Perman apd Mr. G, A. S. Atkitt»oii. [May 3, 
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The Decomposition of Ajiimonia by Heat/' By R P, Pkemak, 
D.Sc., and G. A. S. Atkinson, B.Sc. Gomraunicatod by 
Sir William Kamsay, K.G.B., F.R.S. Iteceived May 3,— 
Read June 16, 1904. 

This subject has Iweii already dealt with by Ramsay and Yoimg,’*' 
who heated ammonia iti glass tubes at various temperatures, and 
found that decomposition began under the most favourable circum- 
stances at a little below 500 \ and that the amount decomposed depends 
on the extent of the heated surface of the solid with which the ammonia 
is in contact, on the nature of the siuiace, and on the time of exposure 
to heat. 

We have thought it desirable to extend our knowledge of the subject 
still further by investigating the rak of clecmi'piyHitimi at various 
temperatures. The ammonia was contained in porcelain vessels heated 
in a muffle furnace, and the decomposition was traced by reading the 
pressure on a mercury niunomoter, the sum of the volumes of the ammonia 
and products of decomposition l>eing kept constant. The difficulty of 
finding the amount of ammonia in the vessel at the beginning of the 
decomposition was overcome by heating the ammonia at the ewl of a series 
of observations until complete decomposition was caused; the pressure 
and temperature were then noted, and the original amount of ammonia 
calculated. We have confirmed the observations of Ramsay and 
Young that the decomposition is never absolutely complete, but after 
heating at a temperature of 1100'’ for a short time the amount of 
ammonia remaining is ao small that it can be neglected for practical 
purposes. 

Aj^aratm ,—The ammonia was heated in a porcelain globe A (fig* 1) 
of about 2 litres capacity by means of a muflfte furnace B; the capillary 
stem of the globe was connected with a capillary glass tube by a copper 
sleeve and some fusible alloy. The pressure gauge D stood 2 metres 
high, and the Rvel of the mercury was regulated by a movable reser¬ 
voir F. The pressure was read on a millimetre scale; G is a movable 
piece of mirror glass of rectangular shape, and with a horizontal line 
drawn across it; by sliding it along the edge of the millimetre scale 
and behind the gljiss tulnss of the gauge, the readings were made with 
great facility. 

H is a U-tube with a stop-cock at the bottom; its object was to cut 
off the ammonia from the three-way stop-cock k by a column of mercury, 
and so prevent or indicate leakage. One branch of the etop-oock A Jed 
to a water-air pump, and the other to a long tube L containing caustic 
soda, and thence to a cylinder of ammonia with a safety escape M, con- 
sieting of a tube dipping into a column of mercury. 

♦ ' Ohem* ftwj. Journ.,* vol. 44, p. 88, IS$4. 
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Meaem'&nmd of ,7'^jmjfwm/iw*^.“--Temp©rature was meastiml by means 
of a Callei^idar-Gritilths pyrometer. The disturbing effect of the 
current of hot air passing over the projecting head of the thermometer 
was avoided by surrounding the head with several turns of tinned 
iron. The torapomtures were read toO’KC. The thermometer was 
carefully standardised with melting ice, l>oiling water, and lioiliug 
sulphur, and we do' not think that the temperature error can in any 
case exceed 0*5" G. 


h'la. 1 . 



Therfiiostat .—To maintain the temperature constant an Ostwald 
pattern regulator v'as used, the vessel being of porcelain and con¬ 
taining air. In addition to this a Fletcher gas regulator was fixed 
on the main supply. Any variation of temperature caused by altera¬ 
tion of the barometric pressure was corrected by mciins of a screw at the 
bottom of the U-tube containing the mercury. It was foxind oon- 
Srenient to adjust the gas supply to give the required temperature by 
loi^ng the valve of the Fletcher regulator. 

M&ieriaL —The cylinder of ammonia was obtained from the Standard 
Anhydrous Ammonia Company, and was found to contain but very 
little impurity. In one experiment about 20 litres of ammonia were 
slowly through a long worm surrounded by ice and hydrochlorhi 
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acid, but nothing apprecial>le was condensed. The gas was found to 
be free from carbon dioxide. A quantity of ptire hydrochloric acid 
was neutralised ])y i)assing the gas from the cylinder through it, and 
the sohition was then evaporated to dryness. Chlorine was then eeti* 
mated in the sample by the gravimetric method, and the percentage 
found was (1) 66*09; (2) 6612; mean, 66-105; theoretical, 66*23. 

Method of JVark, —The furnace was heated, and when the tempera¬ 
ture was sufficiently constant, the filling process was commenced. 
The globe was exhausted, and ammonia admitted from the cylinder 
through the drying tube L; this was repeated from eight to ten 
times, when the 1111 ing was regarded as coni])lete. Readings of 
pressure were then made at definite time intervals, and the tempera¬ 
ture was 111 so carefully noted, as nearly as possible at the same time, 
l>y means of the pyrometer. In one or two of the experiments the 
temperature was sufficiently high to decompose the ammonia com- 
})letely in a short time, but in most of them, when a sufficient number 
of readings hud been made, the temperature w^as raised until 
(practically) complete decomposition ensued in a few minutes. The 
volume of the ammonia and decomposition products was kept constant 
by raising the mercury reservoir F so as to keep the mercury at about 
the same level in the upper part of the short limb of the pressure 
gauge. As eacli time interval was called, the level of the mercury 
in D was read, and that in the open limb as soon as possible after¬ 
wards ; it did not change quickly in the latter, owijig to the width 
of the reservoir. 

Some observations were also made on the effect produced by sudden 
change of pressure ou the rate of decomposition. 

Method of CalcidAition. —The ultimate decoinposition of ammonia ia 
customarily repi'esented by the equation 2NHa - + Letfi be 

the pressure of the ammonia in the globe at anyjnstaiit during the 
decomposition, p\, that of the nitrogen, jt?/, that of the hydrogen, P, 
the total pressure at the same inataid, the initial pressure of the 


ammonia at the beginning of the experiment. 

Then =" P .. (l)f 

also Pa' 3pi' .. (2), 

HPo-Ih) . (3)5 


expressiiig that (1) the sum of the partial prossureB is equal to tJie 
total pressure; (2) the pressure of the hydrogen produced is three 
times that of the nitrogen ; (3) the sum of the pressures of the 
nitrogen and hydrogen is double the pressure of the amiuonut 
decomposed. 

From this it follows by substitution that «« 2po - Pi is., the 
pressure of the ammonia at any Instant is double the initial 
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minm the total pressure at the instant ot observation. The experi- 
inental data furnish values of P and 2 /?ot and - P has been tabulated 
giving the pressure of ammonia at the time of observation. From 
these numbers corresponding values of AP/A/ have been calculated hy 
taking the moan of the two consecutive differences and dividing by the 
time interval; but AP/A^ fW/dt approximately within tlie limits of 
experimental error, and dF/di dj)\jdt^ and tliereforo wo have the rate 
of change of the pressure of the ammonia at definite pressures, they 
have been plotted in two series of curves. 

Emilia ^—The rate of decomposition was found to l>e much influenced 
by the state of the glolie; it invariably increased after the globe had 
been used once or twice, owing jn-olmhly to the action of ammonia or 
hydrogen upon the porcelain ; consequently we were not able to trace the 
effect of temperature on the rate of <locomp<isiti(>n. In the first experi¬ 
ments the projecting stem of the globe was allowed to become too hob, 
with the result that a trace of the alloy at the joint C found its way 
into the globe, and by its catalj'tio action increased enormously the 
rate of decomposition of the ammonia. The alloy contained a small 
proportion of mercury, and a him of this metal was found on the 
interior of the globe when it accidentally broke. In the later experi¬ 
ments great precautions were taken to maintain the stem of the globe 
at a low temperature. The experiments are here t^ibulatcd to serve as 
a key to the curves. 


Menu 

drefttest 
variation of 


toBipunituro. 

torijporatniv. 

Rem ark 

791" 

±0*2" 

Traces of mercury present. 

760 

0*6 

»» M 

841 

0-2 

New clean globe, pressure fell 

894 

0-6 

only 20 mm. in 2 hours. 
Globe as from last experiment. 

833 

M 

»» 

nil 

0*35 

Globe freshly cleaned. 

902 

0*8 

»» j> 

1061 

0*6 

Globe as from last experiment. 

816 

0*4 


797 

1*0 

Iron wire in globe. 

1026 

0-4 

Pt. black in globe. 


The measurements made at HIT and 1025" are given in full; they 
lop^ serve as semples. 
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Mean Temperature HIT. 


Time, 

mins. 

Total pro»ftUJ*o (P). 
trim. 

- P. 

dp\jdi^ 

0 

1047-4 

330-1 

— 

2 

1140-7 

236*8 

39-2 

4 

1204*3 

173-2 

27-4 

6 

1250-4 

127-1 

20-6 

8 

1286-8 

90-7 

15-5 

10 

1312-3 

65-2 

11-4 

12 

1332*5 

45*0 

8-35 

14 

1345-7 

31*8 

6*0 

16 

1356-4 

21*1 

4-2 

18 

1362*6 

14-9 

2*7 

20 

1367*1 

10*4 

2-35 

22 

1372-0 

5-5 

— 

32 

1377-5 

0-0 


42 

1377-5 

0-0 



It will be noted that in this experinjcnt the decomposition was 
completed without raising the temperature. 


Globe rinsed with a solution of platinum chloride and heated to bright 
redness. Mean Temperature 1025"*. 


Time. 

mins. 

Total prefl»ure(P). 
mm. 

2^« - P. 

dpildt. 

0 

1126-1 

242-4 

—, 

2 

1195-8 

172-7 

27*96 

4 

1237-9 

130-6 

17-4 

6 

1265*4 

103-1 

12*0 

8 

1286-9 

82-6 

9*05 

10 

1301-6 

66-9 

7*2 

12 

1314-8 

63-7 

5*8 

14 

1324*9 

43-6 

4*6 

16 

1333-2 

36-3 

3*7 

18 

1339*7 

28-8 

3*1 

20 

1346-6 

23-0 

2*5 

22 

1360-8 

17-7 

2*1 

24 

1354-8 

13-7 

2*0 

26 

1358-9 

9-6 

1*9 

28 

1362-6 

6-0 

— 


2j3o i« taken as 1368'6, which was obtained by extrapolation of iih|! 
time-pressure curve. ‘ " 

These lesults are boat underatood from the curves shown in 8^. S 
and fig. 3, having valuee of dpijdt as ordinates and as ab^oifwe; -; . ^ 



Pig, 2 shows the lower and fig. 3 the higher ratio of decomposition. 
The curves, as a rule, do not depart much from straight lines^ and at 
the highest temperatures, 106r and HIT, become straight lines or 


1?ia. 2. 
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very nearly ao. These results indicate that at the highest tomperatt^es 

the decomposition is of the first order, Le,, it is monomoleoular, pro* 
oeading according to the equation NH 5 N *f 3H; the union of the 
atoms to form molecules is probably so quick that it can be neglected 
when compared with the rate of decomposition of the ammonia 
molecule, ^fhe dejjarturo from this mode of decomposition at lower 
temperatures is j>oa 8 ibly caused by the volume and mutual attraction of 
the molecules. No formula has yet been devised to express the results 
satisfactorily. 

In the presence of substances having a cat^ilytic action, the resulting 
curve is altered in character, the curvature being greater at the higher 
pressures. This is well shown in the curves at 750^ and 791“ (fig* 2), 
mercury vapour being present, and in those at 797” and 1025“ (fig. S)> 
when iron wire and platiinun black respectively were present, In 

these two latter experiments it will bo noticed that the rates of 

decomposition reached and passed those without catalyser for about 
100 “ higher. 

Ej^ect of SmUlen Changti of Fremire on the link of DecompoiriUion-^ 

As a final experiment the effect of a sudden change of pressure was 
tried, the globe containing both iron wire and finely divided platinum. 
The change of pressure was brought about by allowing the gases in 
the globe to blow off into the air for a few seconds, and a reading of 
the pressure gauge was made as soon as possible afterwards. 


Time, 

Preneure gauge. 

Bar. 

Total preBBurc. 

AP. 

7*4 

335*2 

760*8 

1096*0 

20*8 

19*6 

9 

350*0 

»> 

1116*8 

14 

375*6 


1136*4 

7*16 

58*2 

760 9 

819-1 

15*2 

14*7 

21 

26 

73*4 

88*0 

761-0 

834-3 

849-0 

The ratio 

of the pressures before 

and after the 

change is 


1136’4/819‘1 «= 1*39, and that of the ratio of decomposition (token 
approximately from the values of AP) is 19*6/15*2 =« 1*29. 

The agreement is sufficiently close to show that the reaction is 
essentially of the first order, or monomoleoular, apart from the little- 
understo^ disturbing influences.* 

Summary amd Cmchmm. 

The rate of decomposition of ammonia has been investigated tarfer f 
various conditions; the containing vessel was of porcelain. 

* Tftn^t Hoff’s * Vorlsfuiigen/ and sdftibit, p* SSi. ■ . ; . ^ 
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temperatures varied from 677“ to 1111^ It was found that the reaction 
is eftsentiaUy monomolocular, being similar to that for arseniuretted 
hydrogen, as found by van't Hoff. The rate of decomposition is much 
quickened by the presence of traces of some of the metals, those tried 
being inercur 3 % iron, and platinum. 

Wo are indebted to the Government Grant Fund of the Royal Society 
for the cost of most of the apparatus employed, and wish to express 
our great obligations to Principal Griffiths for the loan of some of his 
apparatus foi' platinum thermometry, and for his kind guidance in its 
use. 

SuppU7nmtanj Notv^ May 27, 1904. --We have assumed that the 
decomposition of ammonia is an irroversibio reaction, «.r., ic — 0 in the 
general formula (hjdt — k (a-i/;) (/>-rr) ... -k' + {U +x) . . . 

for Riimsay and Yoimg showed* that on passing a mixture of dry 
nitrogen and hydrogen through a heated glass tube containing iron 
filings, or through a red-hot iron tube, no appi‘eoial)le quantity of 
ammonia was formed, a result which wo cotifirmotl by ex})orinients of 
our own some years back, obtaining the same result also with a glass 
tube containing porcelain. Wo find, however, that this view of the 
matter is not generally accepted; Ostwald, for instance, in his 
* Grundlinion dor unorgariischou Chemiestates that, on heating 
ammonia, equini)rium ensues when 98 per cent, of the ammonia is 
decomposed. We should like to point out that t)ie results of our 
experiments, now described, show no indication whatever of any such 
equilibrium, for the curves all run towards the origin within the limits 
of experinionUil error, whereas, if there were any equilibrium before 
the ammonia was all decomposed, they would cut the bori/ot»tal axis 
to the left of the origin, and, moreover, the equilibrium would change 
with the temperature. 

We have mentioned that a trace of ammonia was always found in 
the globe at the end of an experiment, but this probably came from 
the cold stem ; and, moreover, since the rate of decomposition may be 
taken as proportional to the amount of ammonia present, that amount 
oan, strictly speaking, never quite reach the zero point. 

Whether a minute quantity of ammonia remains finally uudecompoaed 
Would not be indicated by these results, and we intend to approach the 
subject from another direction, and to examine generally the conditions 
tinder which nitrogen and hydrogen combine to form ammonia, 

• Loo, oit. 

t 1900, p. 346. 
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“An Experiment Illustrating Harmonic Undertones/* By 
Hkkbkut Kj^auman, B.A., Fellow of Emmanuel College, 
Cambridge, and Assistant Lecturer in Mathematics at 
University College, Beading. Communicated by Gkokc;B J. 
BuKCir, I).8c., F. R,S. Received June 6,—Read J une 16,1904. 

yhi Expervtncnt llhistrating Harmmiic lliyiertones* 

'Die object of this note is to describe a phenomenon of which, as 
far as I have been able to learn, no published account has hitherto 
been given, although perhaps its extreme simplicity renders it unlikely 
that it has altogether escaped detection. If a vibrating tuning-fork 
is pressed against a light object, such as a piece of paper or a stretched 
string, this object will in general follow the vibrations of the fork 
until they die away, remaining in contact with the fork all the time. 
This method of using a tuning-fork is mentioned in Lord litiiyleigh^s 
“Theory of Sound,“ § 133. If, however, a piece of paper is touched 
lightly by the vibrating fork, the elastic force opposing displacement 
of the paper may be so small that it does not remain in contact with 
the fork, but is driven away by the tap which it receives. The paper 
may return in time to bo struck by the fork before the latter has 
executed a complete vibration, and the process being repeated again 
and again the paper will vibrate with the same period as the fork, but 
with a motion which is not simple-harmonic, on account of the 
irregularity caused by the blows. The result of this is that the paper 
emits a note in which the harmonic overtones are of considerable 
importance, and which, therefore, resembles the note of a bowed violin 
string rather than the almost pure tone of the tuning-fork. This 
resemblance is easily perceived, as is also the change to the approxi^ 
mately pure tone which takes place when contact ceases to be broken, 
on account of increase of pressure or failing off in the amplitude of 
vibration of the fork. (The vibration of the air in the neighbourhood 
of the fork has also an effect on the motion of the paper, but this 
effect is probably so small in compfirison with that of the blows that it 
may here be omitted.) 

If the paper does not come within stnking range of the fork again 
until the latter has nearly had time to execute two complete vibra^ 
tions, the note given hy the paper will be an octave below that of the 
fork, since the vibrations of the paper have now a period which is 
double that of the fork. Thus, supposing the pitch of the fork to be 
c", the paper will give the note €\ If the fork strikes the paper at 
every third vibration the paper will give /, a twelfth below the note 
of the fork. Similarly contact at every four, five, six, or seven vibra¬ 
tions will give c, A(^, F, or a note a little sharper than D, the ratio ^ ^ 
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their frequencies being 64:63. We can thus obtain from the paper 
the series of harmonic undertones 


c', /, r, Aj,, F, D +, C, B,|,, A;i,, etc. 

It is easy to obtain about the first ten of these Avhen a small slip of 
paper is used and is held close to the ear. There is some difficulty in 
making the lower notes audible on a large scale without depriving the 
experiment of the simplieity which is probably its chief merit; it is 
perhaps boat to use a largo sheet of paper suspended in a vertical 
plane with one edge pasted to a vertical edge of an empty wooden 
box which may reinforce the sound. The tuniiig’-fork can lie held in 
the hand or clamped so as to touch the piiper ne^ir its edge; the 
undertone usually given will vary with the position of the point of 
contact. The effect might be prolonged for any time by using an 
electrically maintained fork. 

Some furtljer information as to the behaviour of a light olqeot 
under the influence of a series of periodic blows was obtained by means 
of a large steel tuning-fork with prongs aI)OUt a foot long, which Avas 
clamped in such a position that one of its ends, vibi’ating horizontally, 
struck the uppei* end of a small vortical card (usually an ordinary 
visiting card), the lower end of which was fixed, so that the card 
behaved somewhat as a clamped-free rod of considerable width in 
comparison with its length. The average pressure and the position 
of the point of contact could be varied at will. The fundamental 
pitch of the fork was itself so low that harmonic tnidertones, produced 
by the card in the way described above, wore practically inaudible; 
the nature of the vibration was, however, examined by looking through 
a lens at the upper edge of the card against u dark background. The 
edge appeared to l>e drawn out into a continuously shaded hand, in 
which occurred at intervals somewhat abrupt white lines, indicating 
positions at which the card was nearly or quite stationary. When 
contact was being broken several of tliose lines were usually visible, 
and it was possible to get them to remain steady, though sometimes 
they flickered rapidly. The lino at the end of the band nearest the 
iot'k was usually very faint, often practically invisible, which points 
to the suddenness with which the card is driven away from the fork 
when they come into contact 

The presence of those white lines shows that the card executes 
vibrations corresponding to more than one of its free modes, and that 
the reaidtant vibration difi’ers considerably from the simple harmonic 
fom. (This agrees with the audible presence of harmonics in the 
exporiment first described, where a sheet of paper is struck by an 

As the vihfations of the large fork diminish in amplitude the white 
fewer, until generally only two or one remain in the 
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interior of the hand, in addition to the line at the end of the hand 
away from the fork. If the umplibudo of the fork dies down still 
further or the pressure between the card and the fork m imireased, 
the lines disappear from the interior of the band and tliat at the end 
next to the fork becomes as strongly marked as the line at the other 
end. This, of course, indicates that contact has ceased to be broken, 
and the only audible note given by the card is tiow the fundamental 
note of the fork. 


“Further Note on the lienniins of Elrphas cyprioirH, Bate, from a 
()ave-lJej)OMit in Cyj>ruB.” By DoitOTHY M. A. Batk. OoiU- 
municuted by Dr. Hexkv Woudwaht), F.U,S. Iteceived 
April 18,—Bead June 9, 1904. 

(Abstract.) 

This paper is a continuation of one alrendy puhlishe<l* “ On the 
Discovery of a Pigmy Elephant in the Pleistocene of Cyprus,” and 
enters into a detailed description of the teeth of this small proboscideanf 
whose remains are rrow in the British Museum of Natural History. 

The collection includes incisors, milk molars, and permanent molars. 
Several of the latter still retain their position in the jaws and, in soma 
instances, the teeth of both sides of the same individual were found. 

The permanent incisor tusks of two forma, presumably belonging to 
males and females, were found. They differ from the same teeth of 
the Maltese dwarf elephants in being considerably compressed laterally. 
The largest specimen measures 29’7 cm. along the outside of the c\irve> 
with a maximum diameter of 3*7 cm. 

Of the upi>er cheek teeth the third and fourth of the milk series aa 
well as the three perraut\ent molars aie described in detail. There was 
a small third milk molar (mm, 2) implanted by a single root, but no 
specimen was collected, Of the lower series the third and fourth milk 
molars and the three permanent teeth were represented by numerous 
examples and are fully described. An almost entire left ramus of one 
young individual and the syraphysial portion of another are also 
described. The only limb bone obtained was the distal portion of a 
femur. 

A corrected ridge formula for the molars of is furnished^ 

which, exclusive of talons, will stand as follows:— 

• ^ 

5^ 7*-~g’ 11—12‘ 

Bead before the Boyfti Sooiety, May 7,1900. 
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Dr. Leith Aciams gives E* imlUenm as follows;— 

3 5 8-~-9 8-^9 10 12 
3 ^ 5 ' 8 -*- 9 ’ 8 ^ 9 ’ 10 * 12 ’ 

There appears to be a strong resemblance between the teeth of 
E, c^pmtes and those of the Maltose and Sicilian pigmy forms, more 
especially E. wditenmj but the marked lateral compression of the tusks 
in E, eyfriotea^ which is a constant character in all the specimens so far 
obtained, would in itself be almost suflicient to distinguish this species 
from the other pigmy elephants of the Mediterranean region, There 
seems to be good evidence that E. v.yprioies was isolated and sub¬ 
sequently differentiated at an earlier period than the other small 
Mediterranean species in Maltti and Hicily, the zoological evidence 
giving considerable support to the belief that Cyprus became an island 
at an earlier period, an idea which is further strengthened by the fact 
that the whole island is surrounded by deep watei’, and is not connected 
with the neighbouring lands by submerged banks as is the case with 
the Maltese Islands. 

The Maltese pigmy species have been considered most closely allied 
to E, antiqmis and A, Africmm. On the other hand it seems probable 
that JJ. q^p'iofes^ which shows no affinity to the African species, is 
rather connected with E, antiquus and E. inmdioimlis. 

It may be remarked that the remains of A, cypriokii and of Hippo* 
poianiuH viimitmy with which it is associated, vary but little in size, 
wheretis in the dwarf species of elephants and hippopotami from Malta 
and Sicily a considerable variation in size is observable, so much so 
indeed that molars may be seen intermediate in size connecting 
H, nmUimids ( H. pmiihndi and iL amphibiuH, 
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*The AbBorf>tion njid Thermal Evolution of Gases occluded in 
Oluircoal at Low TeinperaUirea/' By Sir James Dewak* 
M.A», D.Sc., LL.1 )m KILS., Jacksonian Professor, University 
of Laoihvid^e, and Fullerian Professor, Koyal Institution, 
Ixindoii. Keceived dune 15,—Head June 16, 1904. 

During the year 1874—5, in association with the late Professor Tait, 
a reseai'ch was undertaken which involved the production of very 
perfect vacua, and with the object of improving on the then known 
methods, dense charcoal was employed as an etticiont absorbent of 
traces of any gaseous residuum. 

An account of these experiments communicated to the Royal Society 
of Edinburgh appeared in ‘Kature/ July 15, 1875, under the title of 
“Charcoal Vacua. 

In Professor Clerk MaxwelFs Notes on “ Molecular Physics ” the 
following succinct description of the process is given:— 

“ Another method employed by Profeijsor Dewftr is to place in a 
compartment of the vessel a piece of freshly heated cocoanut charcoal, 
and to heat it strongly during the last stages of the exhaustion by the 
mercury pump. The vessel is then sealed up, and as the charcoal 
cools it absorbs » very large proportion of the gases remaining in the 
vessel. 

“ The interior of the vessel, after exhaustion, is found to bo possessed 
of very remarlcable properties. 

“One of these properties furnishes a convenient test of the 
completeness of the exhaustion. The vessel is provided with two 
metallic electrodes, the ends of which within the vessel are within a 
quarter of an inch of each other. When the vessel contains air at the 
ordinary pressure a considerable electromotive force is required to 
produce an electric discharge across this interval. As the exhaustion 
proceeds, the resistance to the discharge diminishes till the pressure k 
reduced to that of about a millimetre of mercury. When, however, 
the exhaustion is made very perfect the discharge cannot be made to 
take place between the electrodes within the vessel, and the spark 
actually passes thro\igh several inches of air outside the v^sel before 
it will leap the small interval in the empty vessel. A vacuum, 
therefoi'e, is a stronger insulator of electricity than any other mediutm” 

At one of the conferences held in connection with the Special Loan 
Collection of Scientific Apparatus* in the year 1876,1 showed that 
with a vapour like bromine the absorptive power of the charcoal wa* 
so effective that a space filled with the vapour even at atomsph^ip 
pressure could be made into a fairly high vacuum showuig very widih 
strioB.' 

• * ScieAee Conferonoes,’ “ Phyiici tti>d M«ehauloe,’* p, 164 ,; 
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When the chnrooal whb heated the bronane vapour was again 
expelled, and on alloMung it to cool, all stages in the appearance of tho 
electric discharge as the vacuum is reached could he conveniently 
deserved without the use of any form of air-pump. 

When in the course of low temperature investigations the perfection 
of the vacuum vessels for the storage and manipulation of liquid air 
and hydrogen came to bo imporbuit, the effect of charcoal on heat 
isolation in such utensils was fully investigated and confirmed in a 
paper entitled “ Liquid Air as an Anal^'^tic Agent.”''^' Still no- 
systematic experiments on the absorptive janver of charcoal at low 
temj>erature8 were made either at this time or eul)sequently. 

It is the oltject of the present preliminary paper to contribute some 
definite quantitative data regardiT)g gas absor-ptioii and thermal 
evolution in cliarcoal at the temperature of liquid air. The mode in 
which liquid gases like oxygen or air could l)e u«ed as calorimetric 
agents was described in my paper on the “ >^cicntific Uses of Liquid 


The apparatus was further improved into the form illustrated and 
described in Madame Curie’s M'ork, “Kecherches sur les Substances 
Radio Actives,” 2nd edition, p. 100, as used for the determination 
of the ]jcat evolved by radium bromide oitlier in liquid oxygen or 
hydrogq^i. Suc h calorimeters are easily adapted to the simultaneous 
observation of the volume of any gas ttbsor])cd by charcoal, and of 
the concomitant heat evolution. 

For this purpose a small glass bulb C containing from 0*5—1 gramme 
of charcoal has a long narrow tube C attached, so that it can l>e 
immersed in the liquid oxygen or air in the calorimeter A B, wliile 
still allowing a pirt of the tube to project above the cork A. In 
order to dry and cool the 40 c.c. of gas, which represents the largest 
volume taken in by the charcoal in my exporimentg, a little annular 
space is arranged at 1> into which liquid air is jroured immediately 
before the experiment is made. 

The charcoal, after being placed in the tube C, is heated to a low 
red heat and simultaneously exhausted by a good air-pump, tind after 
all the gas has been removed the stopcock E is closed. In this con¬ 
dition it is placed in the calorimeter. 

The experiment is conducted by connecting the end of the tube at 
E by means of an india-nibber tube with a graduated vessel F con¬ 
taining the gas. When all is ready the stop-cock K is opened, so that 
gas may rush into the charcoal, and the heat evolved by its 
^ distils-off the equivalent quantity of liquid air from the 

Calorimeter, wlueh i« measurecl in the vessel Q. 

i The constant of the calorimeter being known (which with liquid air 
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h about 14*5 c.c. per calorie), w© get the actual thermal evolution 
together with the voluuie of gas absorbed. 

The heat' correction for the niah of gas into the same exhausted 
glass bulb without charcoal is small in pi*oportion to the total heat 
evolved, and the same raa}^ be said of the volume correction on account 



of the cooling of the space external to the charcoal. With a variable 
material like coooatjut charcoal I have in the calorimetric experiments 
used the same sample in all ciisos. The following talde embodies the 
general results per cubic centimetre of chat*coal. The gas al»sorption ia 
given at 0** and 760 mm. If the volume of gtis absorbed had been 
measured imdor the same conditions of pressure at - 185” 0., then 
the numbers in Column II would all have to be divided by three. 


I. 

A'ohirup 
absorbed. 
O ' C. 


Hydrogen . 

4 C.C, 

Nitrogen. 

16 „ 

Oxygen ... 

18 „ 

Argon . 

12 „ 

Helium . 

2 » 

Electrolytic gas ...... 

12 

Carbonic oxide and 

80 

oxygen 


Carb^ic oxide 

81 


ir. 

Volume 

in. 

absorbcMl. 

Heat evolrod. 

-ins'* c. 

G'rammo oaloties* 

135C.C. 

9*5 

165 „ 

25*5 

280 „ 

54*0 

178 « 

25*0 

15 

8*0 

160 „ 

■■ 17.^ . 

1®6 „ 


IM „ 
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in all <saee8, it will be obaorved, the amount of gm oocludod has been 
greatly increased at the low temperatiire, and the degree of condensa¬ 
tion is generally such as we should anticipate from the known physical 
constants of the gases. The amount of heat evolved is so great as to 
be in excess of that requiied for liquefaction in the ctise of gases like 
hydrogen, nitrogen, and oxygen. The hmt produced when siiccossiv© 
fractions of the volume of gas required! for saturation are absorbed has 
yet to be determined. In the time required for the absorption no 
measurable uinourit of ehemicval combination was effected between 
mixttires of hydrogen and oxygen or carbonic oxide and oxygen in the 
pores of the charcoal. 

Such oxjMnimoists must be extended to the use of platinised charcoal 
and othe)’ catfilytic agents. 

Perhaps the most sci’iking result is the great difference in properties 
exhibited by helium. While resembling the other gases in showing 
iticreased absorption at the temperature of liquid air, the absolute 
amount occluded per unit volume of charcoal is about one-tonth that 
of the other gases at the same temperature. Thei e can bo little doubt 
that when the relative absorption of helium iti charcoal is measured 
at the temperature of liquid hydrogen, the increiised almorption will 
be so marked as to make it comparable to that of hydrogen in the 
present set of exptjrirncnts. In this case charcoal at the boiling point 
of hydrogen will I:)ecomo an efficient condensing age tit for helium, and 
this property will have important applications in future research. 


Separation of Highly Concentrated Oxygm from Air, 

^ In order to examine the changes taking place in a mixed g;w like air 
during the absorption, a quantity of about 50 grammes of charcoal was 
after heating and exhaustion saturated at - 185 ’ in a current of pure 
dry air; ‘got by passing the air current through a U-tube imraorsed in 
liquid air. 

For a time the air rushed into the charcoal with great rapidity, and 
in about 10 minutes between 5 and 6 litres were taken in. A mano¬ 
meter attached to the vessel containing the charcoal showed, on shutting 
off the air current, that during the early part of the saturation the 
absorption was so effective* as to give practically no measurable 
inercury pressure. As soon as the absorption was ended, and a current 
i^gan tq pass slowly over the chJircoal, the composition of the air 
leaving the charcoal showed 98 per cent, nitrogen. After the current 
:of air had passed for half an hour, the total gas occluded in the 
,! was ejq)ell 0 d by Uking the vessel in which it had been treated 

i of the liquid air, and allowing the temperature to rise to 15* C. 

Th«t which was rapidly expelled^ measured 5*7 litres, attd 
per cent of oxygen. If the saturated charcoal betee 
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heating up was subjected for an hour to the action of an air-pump, 
capable of giving a steady exhaustion of 5 mm.* no difference was 
effected in the oxygen percentage of the evolved gas. The same 
experiment was repeated with this variation, that, instead of the air 
current having the pressure of the atmosphere, it was kept below 
one-tenth of an atmosphere. In this experiment, 4*8 litres wore 
expelled on heating up, and the percentage of oxygen was 58. 
Then, a fui thcr repetition was made with an air current supplied at a 
pressure not exceeding 5 mm. of mercury. After 3 hours’ treatment, 
the charcoal, on heating to J5' G., gave 4i litres of 57 per cent, 
oxygen. From these experiments it follows that the tension of the 
occluded gases, at the temperature of liquid air, must be very small, 
and thus the use of low temperatures, combined with cliareoal, intro¬ 
duces a tiew and greatly improved means of getting high vacmi, which 
in the future may be found susceptible of important practical applica¬ 
tions. ’riicse experiments are quite conclusive as to the practical com 
atancy of the mean composition of the air gases occluded in the 
charcoal (subject to the conditions aforesaid), and tliey further show 
that wide changes in the pressure of the air current has little or no 
effect in alt/cring the proportions. In atmthor experiment, the veBsel 
containing the saturated charcoal, instead of Ijcing allowed to rise 
rapidly in temperature, was transferred to a vacuum vessel, in which 
a little liquid air was placed, in order that the tern|)oruture might rise 
slowly, and thereby enable the successive litres of «^‘ts given off to be 
collected separately and analysed. 

This experiment gave the following results :— 

Oxygou poi cent. 


First litre ... 18*5 

Second „ . 30*6 

Third „ 53*0» 

Fourth „ . 72*0' 

Fifth ... 79*0 

Sixth „ . 84*0 

i 


The moan composition of the 6 litres is again 56 per cent, oxygen. 
From the above experiments it follows that one f the most rapid 
means of extracting a high percentage of oxygen from atmospheric air 
is to absorb it in charcoal at low temperatures, and then to expol it 
either rapidly or slowly by hetxtiug the mass of charctwil to the ordinary 
temperature. 

A few experiments have boon made using, instead of air, special 
mixtures of oxygen and nitrogen. Thus it was found that a gas con¬ 
taining 6*5 per cent, of oxygen used in the same manner as in the air 
occlusion exi> 0 rimonts, gave, on heating up the charcoal rapidly to 
15* C., 5 litres of gas having the composition of 23 per cent, of oxygen. 
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Sqyamtion of the moAi Voktlik Gtm^ from Air, 

A re|}etition of the same process with the 23 per cent, of oxygen would 
have raised the percentage about GO per cent., or a stronger concentra¬ 
tion could have been reached ])y fiactionating the gtis Jis it slowlj'^ 
leaves the (charcoal on gradually inci'casing the temperature. 

This preliminary investigation suggests many Holds for furthei' 
imjuiry, and some of these 1 hope to deal with in future papers. 

1 have to express my thanks to Mr. liubort Lennox, rXlS., fur 
cHicieut aid in the conduct of the expei'imciits, and Mr. J. \V. 
Heath, F.C.S., has also rendered valuable assistance. 


The Separation of the most Volatile (hiBes from Air without. 
Liqttcfaction.” liy Sir Jaimes 1)e\vai.\ M.A., J).Sc., LLJ)., 
F.lt.S., fJaeksoniau IVoiessor, UniviM'sil.y of Lamlaadge, and 
Fiilleriau rrofossor, i\oyul lu.stitutioin Lcmdoii. Iteceived 
June If),—Lead Jniu* IG, 1004. 

From the time when liquid air came to bo an <n<linary laboratory 
agent, I have continnally iise<l it for the pur[)os(^ of producing high 
vacua in vessels that had ])eon previously filled with easily condeusiiblo 
gases, like sulphurous acid, carbonic acid, \ apoin* of water or beuKol. 

When the li^prcfaetion of hydrogen -was etVecte<l one of the first 
scientific uses to which it was put w^a« that <loscrib(aI in my ])a|)er on 
the ‘‘ Application of Liquid Hydrogen to the Frodnetinu of High 
Vacua, together with flieir Spectros(aipic Examination.'** In that 
communication i^was shown by theory ami confirmed l>y experiment 
that the condensing power of liquid hydrogen is so groat relatively to 
that of li<pud oxygen or nitrogen, that any closed vessel, a purl of 
which is cooled t* the imiling point of hydrogeit must suddenly ]>ecomc 
a highly vacuous space. This was jjrovod hy the groat difficulty of 
getting electric dischaTgos to pass througli s})ecially prcfau'cd spectro¬ 
scopic tubes when subjected to liquid hydrogen oov>ling, and from the 
fact that when i he current rlid piiss no lines of oxygen or nitrogejj 
were seen, but only those of hydrogoig helium and mow, lu order to 
separate these letter gases from air it was necesHary to liquefy a 
quantity of air and to distil ofi‘ the most volatile portion at as low a 
temperature as ])OH8iblo into a separate receiver’ phnard in liquid 
hydrogen. In this way many spectroscopic tubes were filled with the 
uncondonsable air gases and the results of their exanunation is recorde<l 
iu a paper entitled Oii the Spectra of the more Volatile Gases of 
Atmospheric Air, which arc not Cmulense<l at the 'i'emperature of 
Liquid Hydrogen/'t by rcofessor Liveiug and myself, 

♦ * Boy. Hoc. IVoc.,* vol. Cl, 3S98. 

+ ‘ Hoy. Soc. l*roi'Tol. 67.1S0<>. 
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8enxo 2 years later I improved the method of separation of the vola¬ 
tile air gases. The process is fully described and illustrated in my 
paper oo Problems of the Atmosphere.”* Its success depends upon the 
coiitinnous direct liquefaction of air at atmospheric pressure combined 
with a device which enables the more volatile gases to be trapped and 
separated. In this way some 1/35,000th of the volume of the air 
liqnctied is collected as a gaseous mixture, having the composition 
38 per cent, of nitrogen, 1 per cent, of hydrogen, and 58 per cent, of 
mixed helium and neon. After sparking to remove the nitrogen and 
hydrogen, a gaseons mixtrtro of helium and neon containing a little 
argon was obtained. Tliis mixture liad the composition of IG percent, 
helium am I 81 per cerrt. neon. In both methods of treatment it M'ill 
1)0 j)oted tire liquefaction of the air xvas the essential preliminary opera' 
tion, to ho srrpplemented in the one case by the use of lirjuid hydrogen, 
in the other by sparking to remove th(i nitrogen. The paper already 
commnnicated to the Koyal Society, entitled “ The Absorption and 
Thermal Evolution of Gases Occluded in Charcoal at Low 
Temperatures,” in which the greatly incroiised power* of occlu¬ 
sion possessed by charcoal at low temperatures is ])rovod, 
suggested an impury into the limits of gaBOOUS pressure 
reached l>y such means of condermation. 

With til is object a narrow tube CE, fig. 1, was sealed to an 
ordinary 8j)octroscopic sparking tube All, and at the end K 
an enlargeil space was blown out capable of holding a few 
grammes of coeoanut charcoal. After* the charcoal had been 
freed from gases by heating and exhaustion and the poles 
cleared by sjxaiking during this operation, piu’c and dry gases 
like oxygen, nitrogen, air, carbonic? oxide, hydrogen, neon 
and helium could be ailmitted at diffetent pressures and the 
tul>o with its charcoal chamber attached sealed off. 

On placing the charcoal end of the apparatus in liquid air 
the gas in each case was rapidly HbHorI>ed and the vacuum 
produced reached the phosphorescent stage in all cases with 
the exception of hydrogen, neon, and helium. A small 
Crookeses radiometer, full of air at atmospheric pressure, with 
(harcoal tulni attache<l, Ixecnrae quite active to heat radiation 
when the charcoal was cooled for half a minute in liquid 
air. To test the amount of exhaustion reacherl by the use of a 
given weight of cocoamit charcoal I sealed on a tube contain¬ 
ing 30 grammes to a large electric discharge tube of 1300 c.e. 
capacity filled with air at atmospheuc prossmt). On coolixag 
the charcoal receptacle in liquid air the pressure diminished to 
50 mm. of mercury. Repeating the same experiment but starting with 
the tul>e initially at half an atmosphere, the exhaustion reachetl was 
• ‘Boy. lust Vroc.,’ 1902. 
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now beyond the striae stage. A further experiment starting with one* 
fourth of an atmosphere gave a ^^aeuuni through which no discharge 
passed. 

Finally, the 30 grammes of charcoal wore replaced hy only 1 gramnus 
and the initial pressure was rtMlucod to 3 mm. of mercury. Now the 
vacuum just rciiche<l the begiuning of the j)hoHphorcscent stage. With 
hydrogen, either a prosHure of gas less than that of the atmosphere 
had to be used at stiirting or a larger amount of charcoal employed in 
onler to get a vacuum well iifi in the strife stage. If, however, the 
liquid air was cooled to “iMO” C. by exhaustion, the tube just 
reached the beginning of plmsphorcsccnce round the cjithodos. 

AVith helium there was a very slight absorption, but noon fli<l show 
something more appreciably. Spectroscopic observations made during 
the condensation of the gas in the charcoal showed the gradual dis- 
appeaninco of the characteristic spectrum olt oxygon, nitrogen and air, 
as the high vacuum was rem hed and the <lischargo passed with groat 
difficulty. In tubes of this kind filled at atmospheric prtsssuro I could 
always see the F line of hydrogen and the iico!i yellow; but the 
helium was not seen with any definiteness. As tho amount of neon iu 
the air cannot well exceed 1 /.5(),000tli, Urn spectroscopic test is very 
delicate. 

In order to bring iu the helium lines it wa.s necessary to concentrate 
the volume of aii' in the space of tho sparking Lube six or seven times. 
This was done by the use of an arrangement shown in fig. 2. A B is 


Fm. 2. 



the sparking tube with its small charcoal bull) C attached, capable of 
being sealed off when required at Gf; and D and E are larger charcoal 
absorbers placed iu vacuum tubes containing liquid air ; the whole 
being attached to a graduated gas-holder containing air. A series of 
glass stop-cocks are attached at tho |3oints H, I, J and K in order to 
faoilitato manipulation. In determining the volume of airVequirod to 
bring in tho helium lines only one charcoal absorber containing about 
15 grammes of material was used. On allowing 200 c.c. of air from 
the gas holder to bo sucked into the charcoal (which had 1>ecn proviotisly 
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exhuusiecl along with the spixi’king tube), on opening the Htop-coek H 
any residuary gas in D was swept into the sparking tube, which was 
then sealed off at (1, 

This tulKi gave the hydrogen lines C and F, the neon yellow, and 
some of the orange lines, along with the helium yellow and green (jiiite 
distinct. With the residimry gas extracted from 1 litre of air I could 
see all the helium lines. On the p€)sitive pole the neon yellow and the 
green of helium were alone marked, while the negative pole gave l)otb 
the neon and helium yellow lines along with the helium green and the 
F of hydrogen on the continuous spectrum. From this it would appear 
that the spectroscojnc test for helium is as delicate as that foi* neon, 
and that 1 /50,000th can bo recognised. From 3 litres of air diachargxj 
tub(^s were obtainetl giving the noon and helium spectra associated 
with a brilliant ruddy glow discharge. 

As 40 -50 grammes of charcoal can al)sorb at the temperature of 

liquid air from 5.6 litres, it is easy to accumulate rapidly the uncon- 

dettsed gases in considerable quantities for spectroscopic examination. 
For this })ur]K)se 1 found it convenient to use two charcoitl condensers' 
n circuit as represented in lig. 2. Afte!* the charcoal in the first one 
marked V] wiis saturated, the stop-coc^k K was closed, while I ami J 
were opened for a short time so as to allow the less condensalde gas in 
K to be sucked into tlie secoml vessel of the same type 1) along with 
some fw)rtion of air. The charcoal condenser E was then takoTi out of 
the lifjuid air, and rapidly heated to 15“ G. in onler to expel the 
occlmled aii*. It was thus in a condition to repeat the al>sorption. In 
this way 50 litres of air can be treated in a short time. Sparking tubes 
filled from the accumulated gases in 1) were very brilliant, showing the 
complete spe(;trnm of the volatile constituents of air. It is hardly 
necessary to remark that after the little charcoal receptacle coiinectod 
to each of the sparking tubes has been cooled and thus all traces of 
air absovl)e<l, it can be sealtvl off, leaving the spectroscopic tubes intact. 
'I'he complete spectroscopic study of the products must be loft foi' 
further examinatioi witJi l*rofo.ssor Liveing. 

The method 1 liavo described will be equally applicable to the treat¬ 
ment of the gioscous products from minerals containing helium, 
liydrogen, etc., and also to the radium products of a similar kind. 
It seems even pi'obablo that the separation of the less volatile con¬ 
stituents in air imiy lie improved by a slight ruo<iificution in the mode 
of working. The behaviour of the gases from the Bath Springs has 
iKien examined. When the gas containing 1 /1000th part of helium in 
what may l)e regarded as pure nitrogen is subjected to charcoal absorp¬ 
tion exactly in the same way as the air was treaterl no high vaouimi is 
reached. All the niti'ogea and any other constituents disappear, and 
a spectrum of helium and hydrogen showing much less neon than smsts 
in the volatile residue from atmospheric air the result. A sample of 
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Argon made from Bath gas gave, when the argon was absorbed in 
charcoal, a gas residuum giving the helium and neon spectrum, and the 
same result follows the use of atmospheric argon. In the case, how¬ 
ever,* of the Bath gas argon the helium spectrum is the stronger, 
whereas with air argon the neon is the most pronounced. 

In order to further test the method, the crude gases got by heating 
the mineral Fergusonite were examined. During the cooling of the 
charcoal the nitrogen and hydrogen spectra were marked, but in a short 
time nothing could be seeii but the lines of hydrogmj and helium. 

Great interest wdll attach to the behaviour of helium, hydrogen 
and the most volatile part of air, when subjected to the action of 
charcoal cooled to the temperature of liquid hydrogen. The method 
•promises to open up many avenues for futurtj inquiry. 

I am indebted to Mr. Eobert Lennox, F.C.S., for efficient assistance 
in the conduct of the experiments, and Mr. J. AV, Heath, F.C.S., has also 
helped me in the investigation. 


the Action of Wood on a Photographic Plate in the Dark.’* 
By William J. PtUSiSELL, PhJ)., F.B.S. Received May 28.— 
Read June 16, 1904. 

(Abstract.) 

:, [Plate 7.] 

It has been shown in former papers that many substances are 
capable of acting on a photographic plate in the dark and producing 
a picture of themselves. Further investigation shows that this 
property belongs probably to all woods, some, however, being much more 
active than others. 

To obtain a picture the wood has to be in contact or at a little 
distanoe above the photographic plate, and has to remain there for 
times varying from ^ an hour to 18 hours, and to be at a temperature 
not higher than 55" C. 

The wood of the conifers is very active, and gives pictures which 
are very definite. Fig. 1 is a picture of a section of a branch of a 
Scotch fir, and shoves well the rings of spring and autumn growth. 
It is remarkable that the former are very active, producing in this 
picture the dark rings, and so with the other pictures, the part which 
is active in the original is dark in the picture. The rings seen in 
thfe W0 <h 1 are very sharp and strongly pronounced in the picture. If 
the action exerted on the plate be owing to the presence of hydriven 
been previously suggested, no doubt it is produced 
LXXXV. h 
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by the resinous bo4i^ present but it is remarkable that 

there is no action from the dark autuiiih wood. Experiments described 
in the full paper show that resin exists in the dark rings, but 
apparently under such conditions that it cannot escape. Other 
members of the pine group have been experimented with and have 
been found to beha^ e in the same way as the Scotch fir. 

With the spruces the action on the plate is not so definite and well 
marked; the white wood is always active, b\it in some cases the dark 
rings are also active, and the pictures are not so sharp as with the 
firs. Larch wood gives a very interesting result, for the picture is 


Fig. t. 



the reverse of that of the Scotch fir, that is, the dark rings in the 
wood are the lictive rings and the light rings are inactive. 

With regard to woods other than conifers, oak and beech are both 
active and give very good pictures, so also does acacia {EMnia)^ 
Spanish chestnut, and sycamox'e; on the other hand, ash, elm, horse 
chestnut, plane are comparatively but slightly active. In the full 
paper lists of woods are arranged according to their activity. 

Many foreign woods are very active, but as the annual rings are 
often not well developed, the pictures they give are of a somewhat 
differont character. The African black wo^, rose, wood, opepbola, 
and many others are very active. Several of the foreign wo^ds have 
a ring of white wood which is quite inactive. , 

Knots in a wood generally, but not always, give a good jdetm 
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Some of the resin in immediate contact with the knot is in some cases 
but little active. The marked difference in properties of resins from 
different sources is described, and it is shown how difficult it is to 
remove it, so that the wood shall bo no longer active. Boaids that 
have been exposed to the air for a long time, an oak box a hundred or 
more years old, rotten wo<xl from the stiimp of a tree, and even bog 
wood have all been found to be still active. 

Ir» addition to wo<wl8 many different resins and allied l>odies can, 
when used alone, be proved to be very active, some naturally much 
more so than others. Ordinary resins, Burgundy pitch, gum mastic, 
are very active, asphaitum, dragons blood much less so, l)ut true gums 
such as gum Senegal and gum arabic are entirely without action on 
a photographic plate. 

In certain cases the picture obtJiinod on the jdate does not resemhle 
the -markings which are visible on the wood. With some woods this 
more commonly occurs than with others. That this picture is 
persistent in the wood is shown by fresh sections giving the same 
result. The true bark of a wood is apparently quit.e without action 
on a photographic plate, so is the internal pith of a plant. 

There is another and a very interesting action, which occurs 
with wood, it is the great increase of activity which it exerts on a 
photographic plate after it has been exposed to a strong light. 
For instance, if a piece of deal be half covered by black paper or 
tin foil and be exposed for 5—10 mimitos to bright sunlight, and 
then put up in the usual way with a photographic plate, it will give 
A dark picture where the light has fallen on the wood and only a 
very faint picture of the pirt which has been covered. This is 
shown in Plate 7, fig. 1. Even comparatively inactive woods such as 
elm ami ivy after a short exposure to bright light give good and dark 
pictures. The action is not an indiscriminate darkening over the 
whole wood section, but an intensifying of the parts already active. 
This increase of activity by the action of light appears to occur with 
All woods. Artificial light, such as that from the electric arc, or from 
burulng magnesium ribbon, act in the same way, so does even a faint 
light. A piece of wood put at a window for some hours will give a 
darker picture than a similar piece left in the middle of the room. This 
increase of power of a wood to produce a picture does not rapidly piiss 
away. After 24 houi’s the action is visibly less, and decreases more 
rapidly at first than after some days, but it will be a fortnight or may 
be a month before the wood resmnes its former condition. This 
action, like the forn>er one, is entirely stopped by interposing the 
thinnest piece of glass or mica between the photographic plate and 
the active body. An inactive card painted with an alcoholic solution 
<d resin, acts in the same way, and turpentine which has been exposed 
tn a bright li^t acts more strongly on a photographic plate than it 
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d<>es when it has not been so exposed. Again, old printing which i» 
now nearly inactive becomes much more active after exposure to sun¬ 
light. Bodies other than those which may contain resin or allied 
substances arc not affected in this way by light, for instance, flour, 
sugar, porcelain ; metals are not retidered active by sunlight. 

The next point was to ascertain which of the constituents of light was 
most active in producing these effects, and the first experiments were 
made by simply jdacing strips of different coloured glass on wood sections, 
exposing them to sunlight and afterwards putting them up with the 
photographic plate in the usual way. Pictures of the results are given 
in the paper. Ited glass entirely prevented any increase in the 
activity of the wood, in fact, it acted in the same way as a band of 
black paper or tin foil would act, and a green glass acted much in the 
same way, but under a blue glass the activity of the wood was increased 
to much the same extent as under colourless glass or under no glass. 
Plate 7, fig. 2, shows what happens when a red glass and a white glass 
are placed upon it and exposed to sunlight. On the right of the 
figure there was no glass. 

Further ox^ieriments were made by placing similar pieces of deal iu 
light which had passed through different coloured solutions. Three 
double-cased bell jars were taken, one was charged with a solution of 
potassium bichromate, another with copper ammonium sulphate solution, 
and the third with pure water, and all were exposed to sunlight for 
4 hours. The deal in the red light gave only a faint picture, that in 
the blue light a dark picture, and that with the pure water was only a 
slightly darker picture. Itesin, guiacum, copal varnish, white oil paint 
and resin sized paper all acted in the same way and gave similar 
results. 

The light from an ai‘c lamp when passed through a red glass and 
allowed to fall on a wood section for hours produced no effect, but 
when the same light was passed through a blue glass and fell on a 
similar wood section for only 1 hour it produced a dark picture. With 
liquids this same increase of activity by the action of blue light U 
produced. Turpentine, which has been exposed to blue light, is more 
active than when in its ordinary condition. 
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On the Productiou of a Specific Gastrotoxic Serum.—1^1*6- 
lioiinary Comuuinicatiou/’ By Chajilks JJolton, B.Sc., 
M.lhC.P., Kesearch Seliolar of tlie Grocers' Company. Coin* 
iiiunicated by Professor SiDNKV Maktik, F.E.S. Keceived 
July 20, 1904. 

(From tlii> PAtliologiual Laboratory, University College.) 

[i*r.ATB& 8 AND OJ 

Within the hist four or five yours the stud}^ of cytotoxins has 
advanced rapidly, hut this difficult subject is still involved in a vast 
amount of obscurity. V^er}^ few of the cytotoxins have been at all 
fully worked out, and, since it is l)econiing recognised that specificity 
is a term which should be applied to recejUors and not to colls, the 
existence of man}" specific cytotoxins is doubteil. 

'rhe present research was, therefore, undertaken from two points of 
view : (1) To add, if possible, any facts to our knowledge of cytotoxic 
action, (2) To throw some light upon the pathology of human gastric 
ulcer. 

My first endeavour was to produce a hotero-gaatrolytic serum by 
the injection of the mucous membrane of the stomach of the guinea- 
pig into the rabbit. Having succeeded in this direction, I then 
attempted to produce an i.so-gastrolytic serum by the injection of the 
stomach cells of the rabbit into the rabbit and also of the Htomach 
cells of the guinea-pig into the guijioa-pig. In commencing the work 
I fully realised the difficulty of excluding bacterial infection and 
therefore have adopted strictly aseptic measures in the preparation of 
the mucous membrane for injection, making in addition bacteriological 
examinations of the injected animals. 

Intraperitonoal injections are given, and in spite of tlio strictest 
precautions death occasionally results from bacterial infection; I have, 
however, succeeded in immunising 14 animals, and by injection of the 
serum obtained from them have produced lesions in the stomachs of 
oyer 50 animals, and have been able to show that the peritoneal cavity 
of immunised animals was sterile on bacteriological examination, whilst 
their blood serum was highly toxic for other animals. 

The subject will be discussed luider the following headings :— 

(L) Methods. 

(2.) Effects of Injection of the Stomach Cells of the Guinea-pig into 
the Babbit. 

(a) Symptoms following injection. 

(ft) Changes in the rabbit^s blood. 

Action of the serum on guinea-pig's cells m t^Uro. 
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Action when injected into the guinea-pig. 

Symptoms following injection. 

Post-mortem lesions in guinea-pig. 

Nature of the gastrolytic serum. 

ElFectft of heat. 

Specificity of the serum. 

Relation to hsemolysin. 

(c) Changes in the rahbiPs peritoneum. 

(3.) Effects of Injection of the Stomach Cells of the Riibbit into the 
l^ibbit. 

Changes in the rabbit's blood. 

Action on injection into the rabbit. 

Action on injection into the guinea-pig. 

Effects of heat. 

Effects of previous treatment with guinea-pig'e 
stomach cells. 

Effects of previous treatment with rabbit'a 
stomach cells. 

(4.) Effects of Injection of the Stomach Cells of the Guinea-pig into 
the Guinea-pig. 

Action on injection of the serum into the rabbit. 

(5.) Action of Normal RabbiPs Serum on Injection into the Guinea- 

pjg* 

(6.) Action of Hsemolysin on Injection into the Guinea-pig. 

(7.) Lesions in the Guinea-pig^s Stomach due to Causes other than 
Hfiemolysin or Gastrolysin. 

(8.) Conclusions. 

(1.) Methods. 

Freparation of Miwam Membrane for Injection .—The instruments used 
for this purpose are a knife, a porcelain plate, a glass mortar, and a 
10 C.C. syringe, all of which can be sterilized with the greatest ease. 

A guinea-pig which has been previously starved for about 24 hours, 
BO that its stomach is empty, is Hlled with chloroform and the stomach 
at once cut out. It is opened and thoroughly washed in a stream of 
sterilized 0’86-per-cont. salt solution, all the adherent mucus being com¬ 
pletely removed. The mucous membrane is then scraped off and 
ground up into an emulsion with salt solution, which is then injected 
into the peritoneal cavity of a rabbit. I have also used subcutaneous, 
injections and have obtained the same results, but as suppuration is so 
liable to occur I have discarded them. 

In two cases a fresh filtered extract of the mucous membrane wi» 
used for intraperitoueal injection. In one of these cases a 0‘1-per-cent.. 
hydrochloric acid solution and in the other a O'^-peMent. sodium 
bicarbonate solution was used for making the extract The mucoua 
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St'Ornaoli of Guinea*pig ahow'iijg Two Uloor«. The nnimnl received an injection of 
12 c.c. of a weak gaHtpofcuxio serum, and after 24. hoiirs it was killed. 

Jhe serum was prepared by iujeciing a rabbit with fresh f>xirai't of guinea-pig's 
stomaoli cells. 



Stomaoh of Guinea-pig showing a Large Uloer situated on the Greater Curvaturw 
and aeveral Smaller Ones. The animal reeoived an injeotion of 12 c.c. of 
gftetrotoxie serum, and was almost dead after 24 hours, wheu it was killed. 

The SBrum in this case was prepared hy injooting a rabbit with rtthuet stomaoh 
l in the other four eases stomaoh woe used for injection. 
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membrane was ground up in a glass mortar with a small quantity of 
sterilized sand in order to break up the cells, and an emulsion made 
with one of the alcove solutions. The emulsion was then filtered 
through a Pasteur-Chamberland filter and the resulting filtrate used 
for injection. 

The effects obtained on iTijecting the serum of these two rabbits into 
guinea-pigs wore exactly the same as those which resulted from 
uijection of the serum of rabbits which had received injections of 
stomach cells. 

Colluikm of BlooiL —The blood is collected by opening a vessel of the* 
ear, if possible an artery, having first shaved and disinfected the skin. 
In this way from 30-40 c.c. of blood can easily bo obtained, without 
injury to the animal, especially if a flask of hot water be placed in 
contact with the ear to promote vaso-dilatation. The blood is whippet! 
and centrifngalised. 

The resulting serum is examined: (1) With regard to its action 
upon the stomach cells of the guinea-pig in vUro ; (2) With regard to 
its action upon the guinea-pig’s stomach when injected into the 
peritoneal cavity of that animal. 

Examination in Vitro.—My plan has been to take a scraping from a 
fresh guinea-pig’s stomach and carefully tease out the stomach glands 
in salt solution, sepirating them from the submucous and other tissue 
mixed with them. This is quite easily done by using the low power of 
a microscope or a dissecting lens. A portion of these glands is then 
placed in the serum to be examined, and a similar portion in normal 
rabbit’s serum, the latter being used as a control. 

The glands are examined at various periods of time up to 24 hours 
in the fresh condition, and also after fixing with osmic acid and staining 
with picro-carmine. In several cases small portions of the stomach wall 
were immersed in the serum for various periods of time and finally 
hardened, cut into sections in paraffin, and stained with ha^matoxylin 
and eosin. 

Preparation far Mkroacqimil Exanumtkm, —Patches of necrosed tissue 
with surrounding healthy mucous membrane were cut into a series of 
sections by the piraffin method. Kight or ten adjacent sections were 
selected from each row and fixed on slides, from six to twelve slides 
being thus obtfiined from each block. The sections were stained with 
hjematoxyliu and eosin. The stomachs of twenty animals have been 
investigated in this manner. 

(2.) Effects of Injections of the Stomach CnsM of the 
Gxjinea-pig into the Raubit, 

(a) Spnptoms folUnving Injecium, 

The immedisite symptoms in the rabbit are those of collap^, 
"^niperAture sinking to about 96\ the respiration being accelerau^j 
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the animal prostrate. This is simply a vascular phenomenon due to 
the shock of injection, iiud the condition is soon recovered from, the 
animal subsequently taking its food well, and seeming to be quite 
healthy. Sometimes there is a fall in ])ody weight, but this is by no 
means constant. 

I have not found that any toxic symptoms follow the injection, and 
if the animal dies it is the result of bacterial infectioii. 

(b) in thf Ilahhiffi Blmt, 

After four or five injections at intervals of 10 days, the IJood serum 
of the rabbit is found to possess toxic pro 2 )ertios. 

Acthn in Vitro.—Contrary to the results of several observei’s, who 
have found that many tissue cells become dissolved in their corre¬ 
sponding cytotoxic sera, 1 have never been able to detect any difference 
whatever between the glands which had been exposed to the gastrolytic 
serum aiid those which had been similarly treated with normal rabbit’s 
serum, although a marked effect was obtained on injecting the former 
serum into guinea-pigs. 

In those cases in which the glands had been exposed for long periods 
of time to the two sera, each showed an equal degree of maceration in 
proportion to the time of exposure. 


Action on Injection into Guinea-pi(^s, 

Symptoms following Injection ,—^In about half-an-hour after intra- 
peritoneal injection of the serum the symptoms an‘ well marked. The 
animal sits huddled up, wdth hair erect, and will not move. The 
temperature becomes subnormal. 

If the dose of serum is small (1—5 c.c.), the animal will probably 
have quite recovered by the following day, hut with largo doses (10 c.c.) 
it l>ecomes rapidly worse, and finally general twitchings commence, and 
the animal lies prostrate, death occurring generally within 24 hours. 

In one case a guinea-pig weighing 280 grammes was killed by 5 c.c., 
and in another an animal weighing 140 grammes by 1 c.c., but, as a 
rule, the killing power of the smaller doses is micertain. It may be 
stated that iu most cases a dose of 10 c.c. is fatal for a guinea'^pig 
weighing from 200—300 grammes within 24 hours. 

All guinea-pigs which are killed by the serum invariably show lesions 
in their stomachs, and a large proportion of those which receive small 
doses and recover show similar lesions. Speaking generally, the larger 
the dose administered, the greater is the effect upon the atomA, 
The lesions always occur during the first 24 hours after injection. 

Macroscopiic Appearance of Lesi(m in Stenymk-^^The lesions consist 
of patches of necrosis in the mucous membrane, and h»morrhage; 
All the following lesions are dcscrilmd from cases which survived ahd 
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Sr^otion of Stomach Wall of 
Guinea-pig showing a large 
area of NecroBis in the Mucous 
MemhmmJ. The animal Te- 
ceiveil an injoction of 4 o.o. of 
gastrotoxie Berum, and was 
killed.24 lionrs afterwards* 


Section of Stomach Wall of 
Guinea-pig at the edge of q. 
Necrotic Patcli, A blood-vessel 
containing nomml red cor- 
puaclos can bo seen in the 
patch. The animal received 
6 c.c. of gastrotoxic scrum, and 
was killed the next day. 






Section of Stomach Wall of 
Guinea-pig showing an Ulcer. 
The animal re<!eived 10 c c. of 
weak gaatrotoxic serum, and 
was killed 48 hours afterward#* 
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were killed on the following day, lesions being thnisi: 

absolutely excluded^ 

The areas of necrosis appear in the form of black patches, round or 
irregular in shape, from the size of a pin^s head to a large area, 
occupying a third or more of the surface of the stomach, and contrasting 
markedly with the surrounding mucous membrane which is normal. 
The black colour is due to altered blood pigment, a variable amount of 
M'hich is usually found clinging with |)articles of food to the necrosed 
patches, from which it can be washed off, leaving the blackened and 
necrosed tissue plainly visible. This altered hi nod is present in very . 
variable amount, sometimes being in considerable quantity, at other 
times scanty, with the necrosis greatly in excess. 

The patches are found most commonly near oi* on one of the 
curvatures, but they may occur anywhere in the stomach. Their usual 
situation on the curvatures may ho duo to the fact thiit the main blood¬ 
vessels of the stomach run along the latter, and, therefore, those parts 
are the first to l)e exposed to the action of the toxin. Sometimes, also, 
the patches spread out into streaks, pjissing along the anterior and 
posterior walls of the stomach from the curvatures, as if they followed 
the distribution of the I dood-vessels. In some places the necrosed tissue 
has disappeared, leaving uictM-s with blackened edges and leases. After 
al>out 48 hours the black tissue apparently disappears, leaving a 
perfectly clean and sharply punched out ulcer. 

MicnwA^jdc Appeiirarm. —The necrosed patches are sharply marked 
off from the normal tissue, and do not extend l>eyond the muscularis 
mucosse, the muscular coats and poritoneurn being normal. 

The cells of the glands in the necrosed patch, when they can l>e 
distinguished, are seen to be diffusely and very faintly stained by the 
eosin, their outlines are clouded, and they look shruiiken ; the nuclei 
are not stained, although towards the margin {)f the patch they can just 
be distinguished. 

In a small patch, which is apimroutly just commencing, the colls, Ijoth 
oxyntic and central, have the above appearances, whilst the interstitial 
connective tissue cells take the stain well, and show up by contrast. In 
a farther advanced stage the whole patch is diffusely stained a faint 
pink colour or totally unstained, and the gland colls are irregularly 
arranged more or less in columns, but no definite idea of what structure 
bad preceded this patch can be made out. A certain amount of 
altered blood pigment in the form of scattered brownish granules 
can be seen, but, as a rule, the necrosed tissue is singularly free from 
blood. 

Towards the edge of the patch the normal tissue contains a few 
necrosed cells, And the edges and base are infiltrated with leucocytes. 
Infr many sections the bases of the glands do not appear to be so 
disintegrated as the inner ends. Sometimes the patch looks like a 
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brownish coagulated mags in which no structure can be made out ; at 
other times strands of interstitial tissue alone can be seeri^ the gland 
cells haviT»g completely disappeared. 

A definite ulcer is formed by the gradual disappearance of the 
necrosed tissue. The blood in the vessels is generally normal, and 
frequently so when they are situated inside the necrosed patch. In 
the other eases it is apparently haemolysed, and in one ease a large mass 
of hiemolyaed blood was seen infiltrating the submucous tissue. 

The remaining portions of the alimentary canal have invai'iably 
been found to be normal, and no lesion has b<wn detected in any other 
organ of the body. The primary lesion in this necrotic process is> 
I think, undoubtedly the result of a direct action of the gastrotoxin 
upon the gland cells, with a subsequent digestion of this tissue by 
the gastric juice, the black colour being duo to the action fd the 
gastric juice upon the blood which is contained in the necrosed patch. 

As no change as a result of the action of the gastrotoxin m vitro can 
be made out, the questions must l>e raised whether the senim can 
produce necrosis when it attacks a cell having its normal lynipk 
supply and normal connections in the body, or whether it only 
produces a devitalisation of the cell, thus allowing of its digestion by 
the gastric juice, which in this way renders the lesions visible. 
Previous work uiion other cytotoxins does not settle the question one 
way or the other, because in some cases necrosis has been stated to 
occur, as in the liver, whilst in other cases no change has been found 
whatever, as in the pancreas and suprarenal body. 

Haemolysis undoubtedly occurs to a variable extent in ditforont 
cases, and may account for a part of the hsBmorrhage, though usually 
no laking of the blood can be seen in the vessels of the stomach. 

In my opinion the lesions are not primarily due to htemorrhage* 
because the appearance of ^^haemorrhagic erosion is different from the 
necrotic patches described above; there are no haemorrhages to be 
seen in the mucous membrane of the stomach, such a$ one would 
expect, and none occur in any other organ of the body. There is* 
moreover, no reason to suppose that the capillary endothelium of the 
stomach is sufficiently special in conatitutiou to evoke the formation 
of a s{)ecific endotheliolysin. 

Infarction can also l>e excluded by the limitation of the lesion to 
the mucous membrane, by the very irregular shape of the latge patches, 
which sometimes contain islands of normal tissue, and by the fact 
that no clots can be found in the vessels either of the stomach or any 
other organ. 

In some cases where the hemolytic factor is more than usually in 
evidence, there is no doubt that some of the erosions may be the result 
of such a factor, but in my experience these erosions present qtdte a 
different appearance from the neerotio patches described above, 
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tkgue being obviously broken up by the blood. It is a remarkable 
fact that evidence of hcemolysis should be found in the stomach and 
not in the other organs of the body in these cases. 

Nature of tlie Gmtrolytic Strum, —The experiments which I have made 
indicate that the gastrotoxin consists of an ** immune body ” or 
** amboceptor,” which is newly fonned in the blood as a result of the 
injection of the stomach cells, and a “ complement ” which is contained 
in the normal blood serum. 

Effects of Heat ,—If the serum be heated to from 55—60° C. for 
1 hour its action on injection into the guinea-pig is destroyed,, 
although the control animals which arc injected with unheated serum 
show extensive necrosis of the stomach. On the other hand, if heated 
serum be added to an equal volume of noimal rabbit*s serum, the 
action is restored when the mixture is injected into the guinea-pig,, 
but the resulting lesions are not quite so extensive as in the case of 
the unheated serum. 

The guinea-pig’s complement does not appear to possess a hapto- 
phoric affinity corresponding to the complementophiie affinity of the 
gastrolytic amboceptor. The action of a hiemolysin, formed by 
injecting a rabbit with guinea-pig’s corpuscles, is, on the contrary, not 
destroyed by heat; this agrees with the test-tube phenomenon that 
guinea-pig’s normal serum will reactivate the heated hajmolytic serum 
of a rabbit. 

Specificity of thfi Gastrotoxin ,—This property has been tested by 
mixing various cells with gastrolytic serum previous to its injection 
into the guinea-pig, in order to determine whether guinea-pig’s 
stomach cells alone or whether any other cells could extract the 
amboceptor. 

The cells were allowed to remain in contact with the serum for 
1 hour at laboratory temperature, and were thob centrifugalised off 
and the supernatant serum injected. Control animals were in each 
case injected with untreated serum. 

Admxkm of Gumea-piifs Stonmch CelU, —Whether the stomach cells- 
are washed free from blood or not they anchor the amboceptor and 
carry it down on centrifugalisation, with the result that the serum is 
rendered inactive on injection into the animal. 

Quineapiffs Liver Cells. —The liver cells washed free from blood fail 
to extract the amboceptor, and necrosis of the stomach results when 
the serum is injected. 

Oumea^pig's Ueti Blood Corpuscles, — The experiment was done in two 
waySf ftnd in each case the red corpuscles failetl to extract the 
aniboee^r. In one cose the gastrolytic serum was cooled to O'* C. 
and mixed with the corpuscles; the mixture being kept at 0“ C. for 
I hour, was afterwards centrifugalised. In another case the serum 
3^ to 60° C. for an hour; excess of rerl corpuscles was then 
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added to it and the mixture kept at laboratory temperature for 1 hour. 
The corpuscles wore then contrifugaliaed off and normal rabbit's 
senna added to the supernatant fluid. On injecting this mixture into 
a guinea-pig stomach lesions resulted. 

It was proved that the corpuscles had extracted the hsemolytic 
factor, because on adding to the heated serum some guinea-pig's 
corpuscles and nortaal guinea-pig's serum, complete Inking resulted, 
wlioreas on adding the corpuscles and normal serum to the gastrolytic 
serum, which had been treated with red corpuscles previously, no 
Inking or only a slight discoloration of the serum immediately al)ovo 
the deposited corpuscles was visible after 24 hours. 

JlahbWa Stmmich Vella .—These cells also failed to extract the 
gastrolytic amboceptor. As will be .seen later, this experiment stands 
on a different footing from the last three, and the fact of the cells 
failing to extract the amboceptor does not prove that they do not 
possess an affinitj" for such amboceptor. 

lidaiion to Hmwlysia .—The specificity of the gastrotoxin was also 
teste<l by immunising a rabbit against washed guinea-pig's stomach. 
The 'svashing was carried out by passing a cannula into the thoracic 
aorta, cutting the inferior vena cava above the diaphragm, and then 
allowing a stream of sterilised salt solution to flow through the cannula 
until the blood was completely washed out of all the abdominal organs. 
This experiment is quite easily accomplished. 

The serum of this rabbit .showed a great increase in its haamolytic 
power after it had received three injections of stomach cells, and the 
serum on injection into a guinea-pig caused necrosis of the stomach. 
This experiment afibrds confirmation of the fact, which was first 
demonstrated in the case of spermatozoa by Moxter and in the case 
of ciliated epithelium by Von Diingern, that diflerent kinds of cells 
may contain similar receptors. 

In the present instance the gastric cells not only contain specific 
receptors peculiar to themselves, but they also contain receptors 
similar to those of red blood corpuscles. Whether other cells of the 
body may contain receptors similar to those w^hich I have stated as 
being peculiar to the gastric cells the above experiments do not 
conclusively prove. So far as they go the*experiments prove that, 
at any rate if present in other cells, the gastric receptors are not so 
abundant in them as in the gastric cells themselves ; other cells may 
contain a few of those receptors, but not sufficient to extract all the 
immune body contained in the serum. 

At any rate, in the present state of our knowledge, these experi¬ 
ments tend to show that the gostrotoxin not only contains a specific 
aml>oceptor, which has an affinity for the receptors peculiar to the 
gastric cells, but also an amWeeptor having an affinity for th^ 
receptors which the gastric cell possesses in common with red blood 
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corpuscles. The term ** specificity" ” used strictly should not> therefore, 
be applied to the gastrolytic serum itself, but to that part of it which 
has a specific athnity for the receptors peculiar to the gastric cells. 

(c) Changes in th(' Rahbifii Perifoneuru, 

If an animal which has received several injections be killed a few 
weeks after the last one, the peritoneum will show slight opacity and 
thickening in various places, or slight adhesions l>etween adjacent 
coils of intestine may be seen, or small pedunculated nodules may 
be present. The remaiTting portions of the peritoneum are quite 
normal. 

The nodules on section are found to Ije composed of concentric 
Ia 3 ^crs of fibrous tissue, generally inclosing within them a group of 
epithelioid cells, and occasionally a giant cell, the rniclei of which are 
arranged in the centre. Whether these nodules are formed during 
the absorption of the stomach cells, as they wore not seen in the cases 
in which an extract of stomach cells was injected, or owing to the 
presence of isolated bacteria, I am not prepared to state. At any 
rate, a bacteriological examination of such a peritoneum shows that it 
is sterile. 

A few days after an injection the peritoneum is in places smeared 
over with a thin layer of cheesy material, atid masses of the same 
material may exist between the coils of the intestine; elsewhere the 
peritoneum is normal. Microscopically, this substance consists of 
proliferated peritoneal epithelium and exuded leucocytes. This 
substance is also sterile on cultivation. 

Last year, after I had commenced the present research, a paper was 
published by Thdohari and Babes on a gastrotoxin. This is the only 
paper, so far as I am aware, dealing with the subject, and, as the 
authors obtained different results from mine, 1 will here briefly 
enumerate them. 

The mticous membrane of the dog's stomach was subcutaneously 
injected into the goat, and, on injection of the goat's serum into the 
dog, they obtained the following results :— 

(1) Pronounced hypersecretion of the stomach cells in the case of 
the weak gastrotoxic serum. 

(2) Rapid death, with intense hyperajmia of the stomach, and 
especially of the intestine in the case of the stronger senim, 

(3) In small doses, excitation of gastro-intestiaal peristalsis and 
intestinal heamorrhage. The chief colls in the stomach show functional 
changes; the marginal cells show degenerative changes. No change 
in the pyloric region of the stomach or the large intestine. 

(4) The serum, specific against the peptic region of the dog^s 
fttc^ach, produces, moreover, material alterations in the small 
intwitiiie, whilst the large intestine remains normal. 
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(3.) Effects ok Injection of the Stomach CELiii of the 
Kabbit into the Kabbit. 

The same iiiititti symptoms, and the same changes in the rabbit’s 
j>eritoncum, are observed as in the case of injection of guinea-pig^s 
stomach cells. 

('luinifes in the liahhifti Blood, —] have been unable to produce any 
stomach lesion, or demonstrate any toxic action, on injecting the 
serum into a rabbit. 

Action on InjoAvm into the Guinea^jnij, —That the blood has acquired 
toxic properties, however, I have shown hy injecting the serum into 
guinea-pigs. Identical lesions are obUiined by such injections with 
those described above. 

Effects of Heat. —My experiments so far tentl to show that, on 
heating the senim to 50—60" C. for 1 hour, the action is destroyed if 
the serum has only a low toxicity, but that some action may remain 
ii\ the case of the more toxic sera. According to these results, the 
guinea-pig serum may to some extent complement this amboceptor. 

Efferh of Pmmus Treatment with Oninm-ing\H Stmnmh Cells, —The 
stomach colls extract the amboceptor, and render the serum inactive, 
as described in dealing with the serum obtained by injecting the 
rabbit with guinea-pig’s cells. 

EJ/'exLs of Pretiofm Treatment with BMifs Shmack Cells, —In this case 
the rabbit’s stomach cells entirely fail to anchor the amboceptor, and, 
on injecting the serum thus treated into a guinea-pig, necrosis of the 
stomach results. The same result was seen in the serum of rabbits 
immunised with guinea-pig’s cells. 

From these experiments I think it may l>e inferred that the rabbit 
can produce a gaetrolytic serum when rabbit’s stomach cells are 
injected into its lK)dy. And also, that the immune body thus pro¬ 
duced Inis two cytopbiiic affinities: (1) for the receptors of the 
rabbit’s stomach cells, since it is formed in response to their injection; 
(2) for the guinea-pig’s stomach cells, since it causes necrosis of them. 

Another alternative would be to assume that two separate immune 
bodies are formed. Whichever of these two views be accepted, the 
conclusion follows that the failure of the rabbit’s stomach cells to 
anchor the immune body for which they have an affinity points to 
the hypothesis that this junction is prevented by the interposition of 
an anti-iuuuune body, this anti-immune body having presttmably been 
formed by the rabbit to protect its own stomach and prevent 
autolyais. 

If we accept the view that two separate immune bodies are formed, 
we niust also conclude that the rabbit’s stomach cell has receptors 
similar to the guinea-pig’s, as well as those peculiar to itself i ^liis 
view pi^sents the difficulty that we cannot explain why the goinoa^! 
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pig’B cells should anchor the immune body, whilst the rabbit*s cells 
will hot. On the other hand, if we accept the view that there is one 
immune body only, but that it has two cy tophi lie affinities, that corre¬ 
sponding to the rabbit’s receptor being saturated by an anti-immune 
body, but that corresponding to the guinea-pig’s receptor being free, 
the above difficulty vanishes. 

( 4 .) Effkcts of In.tkction of the Stomach Cei.ls of the 
Guinea-PIC into the Guinea-pig. 

The serum in this case was shown to bo toxic l>y injecting it into a 
rabbit, when typical necrosis resulted. A difficulty encountered here 
is due to the fact that a sufficient amount of blood cannot bo obtained 
from the guinea-pig in order to inject an amount corresponding to the 
weight of the rabbit which would lead to a result as marked as that 
obtained in the guinea-pig’s stomachs described above. 

This experiment also shows that when an atumal absorbs cells w^hich 
have been taken from the l>ody of an identical animal its Idood becomes 
toxic. 

(5.) AcmoN OF Normal Rabbit’s Serum on the Guinica-pig. 

The blood serum of the rabbit is to some extent hiemolytic for the 
guinea-pig’s red corpuscles. On injection of the serum into a 
guinea-pig, oven in large does (20 c.c.), no lesions are found in the 
stomach or alimentary canal such as result from haemolysis. In one 
case a patch of engorged vessels was seen in the stomach, but no 
hiemorrhage or necrosis was to Iks deserved. 

(6.) Action of Strongly HiEMOLYTjo Serum. 

After a rabbit has received several injections of guinea-pig’s red 
corpuscles a marked effect is observed on injecting the rabbit’s blood 
serum into a guinea-pig. The lesions produced consist of haemorrhage 
with distortion and solution of the blood corpuscles. The hienior- 
rbages are best seen in the alimentary canal. They occur in the 
stomach and lead to erosions of the mucous membrane as a secondary 
consequence, but patches of necrosis in the mucous membrane are not 
seen, Haemorrhages are also seen in the lymphatic follicles of the 
intestine, eapeoially the colon, ITiere is intense engorgement of the 
Qfgans and hsomorrhagos may occur all over the mesentery, 

JSfftds of —On heating the haemolytic serum to 50—60* C. fqr 

an hour, its action is not destroyed, the guinea-pig’s serum being able 
to complement the hmmolytic amboceptor. The differences between 
the actk>n^^^^<^ a haemolytic and a gastrotoxic serum are thus soon to 
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(7.) Lesions in the GtriNEA-pio^s Stomach hue to Causes other 

THAN HasMOLYSTS OR GasTROI.YSIS ARE 0CCA810NAIXY SEEN. 

If the stomachs of a large number of normal guinea-pigs are 
examined regularly, there may oecaaionally bo seen patches of con¬ 
gestion in the mucous membrane; sometimes haeniorrhages are present, 
and in two cases I have found ulcers. What the pathology of this 
condition is does not seem quite clear, but probably the ulcers arc of 
heemorrhagic origin. 

In two cases of septic peritonitis in guinea-pigs I have found 
hffjmorrhage into the stomuch and small intestine. On microscopic 
examination they present a very typical appearance, the blood being 
extravnsated into the substtince of the mucous membrane, and 
exhibiting quite a different appearance from patches of necrosis. 

(8.) Conclusions. 

i 

(a.) On either intraperitoneal or subcuttineous injection of the 
stomach cells (or a fresh extract of them) of the guinea-pig into the 
rabbit, the blood serum of the latter becomes highly toxic for guinea- 

pigs- 

(b.) The serum leads to death on injection into the guinea-pig and 
causes necrosis of the mucous membrane of the stomach, leading to 
ulceration and hsemorrhage. 

(r.) The toxin contained in the serum consists of at least two 
factors: (1) A specific Gastrolysin, which leads to necrosis; (2) A 
HBcmolysin which assists in producing haemorrhage. The hiemolytie 
factor can be removed, leaving the gastrolytic, which still produces 
stomach lesions, 

(<L) The gastrolysin is a specific cytotoxin and consists of an immune 
body and a complement. 

(tf.) The gastrolysin does not visibly affect the colls in vitro, 

(/.) The gastrolysin does not produce necrosis in the stomach of the 
animal which has elaborated it, possibly owing to the concomitant 
formation of an anti-immune body. 

(</.) By injection of the stomach cells of the rabbit into the rabbit 
a gastrolysin is formed which causes necrosis in the guinea-pig’s 
stomach; it therefore possesses at least two cytophilio affinities. 

(h,) By injection of the stomach cells of the guinea-pig into the 
guinea-pig a gastrolysin is formed which causes necrosis in the stomach 
of the rabbit; this gastrolysin is probably of a similar nature as the 
preceding. 

(k.) The importance of the above conclusions with regard to the 
pathology of human gastric ulcer lies in the fact that an animal cah 
elaborate in its blood by the absorption of the cells of a similar animat, 
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and therefore presumably of its own, a toxin which would cause 
necrosis in the mucous membrane of its own stomach were it not 
for some deterring influence, probably the concomitant formation of an 
anti-immune body. 
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(From Ihe Pathological Laboratorj’ of St. Mary's Hospital, London, W.) 

The subject matter with which we have here to deal may be 
distributed under the following headings:— , 

(1) Determination of the nature of the action which is exerted upon 
the Siaphylococais pyogenes by normal human blood fluids, and by the 
blood fluids of patients who have been inoculated with a staphylococcus 
vaccine. 

(2) Comparison of the phagocytic power of the subjects of staphy¬ 
lococcus invasion with the phagocytic power of normal individuals. 

(3) Distribution in the infected organism of the opsonins which here 
come into consideration. 

(4) Determination of the question as to whether the opsonins are 
present in the blood of the infant at birth. 

(5) Determination of the course of the reaction of immunisation 
which supervenes upon the inoculation of a staphylococcus vaccine. 

(1) Nature of the Action tvhkh is emxM upon Me Staphylococcus pyogenes 
hg Normul Blml FlmU^ ami hy the Blooil Fluids of Patients 
Inoculated tvitk a Shiphylocoocm Vaccine. 

Baderiddal Action. —It was shown in the course of the classical 
researches on the bactericidal power of the blood which were conducted 
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by Nuttall* in Fliigge-s laboratory, that the staphylococcus offers 
resistatice to the bactericidal action of the blood fluids. Two years 
afterwards the observations of Nuttall, which had reference to the 
blood of animals, were extended by Sternt to human blood. The 
methods employed by Nutt/ill and Stern alike did not, however, permit 
of a comparatively small bactericidal action being distinguished from 
a complete abseiice of hictericidal action. 

The question a,s to how far the staphylococcus offers resistance to the 
bactericidal action of human blood was reinvestigated by one of us, 
the results being published (a) in a paper dealing with anti-staphy¬ 
lococcus inoculationst, and {h) in a paper written in conjunction with 
Captain F. Windsor, I.M.iS.,S on the bactericidal action exerted by 
human blood upon a variety of pathogenic micro-organisms. It was 
esUiblished in the researches here in question, which were conducted 
with the more delicate methods of investigation set forth in the ‘ Pro¬ 
ceedings of the Koyal Society 'ij and in the ' Lancet respectively, {a) 
that normal human blood does not exert uj)on the staphylococcus any 
bactericidal action whatever, and {h) that anti-staphylococcus inocula ¬ 
tions do not lead to a development of any bactericidal power in the 
blood.* 

OpHonic Jcfmi .—It having become evident in the course of -these 
researches that the effect of anti-staphylococcus inoculation is not to be 
found in a dovelopniont of bactericidal properties in the blood fluids, 
attention was directed to the measurement of the phagocytic power of 
the blood. Taking to aid the method of phagocytic estimation devised 
by Major W. B. Leishman, KA.M.C.,it was ascertained that successful 
immunisation against staphylococcus goes in every case hand in hand 
with the acquirement of increased phagocytic power. 

Certain difficulties having suggested themselves in connection with 
the attribution of this result to a “training” of the white blood corpuscles 
we addressed ourselves to a further investigation of the phenomena of 
phagocytosis. 

In the course of this investigationtt it became clear that phagocytosis 
of bacteria is dependent upon an effect exerted upon the bacteria by 
the blood fluids. We spoke of this effect as an opsonic effect. 

In a second research, J}: in which we extended our previous observations, 
on the opsonic power of the blood fluids, we showed that the increased 

* Nuttall, ‘ Zeit$ohrifr f. Hygiene,' 1888, vol, 4. 

t Stern, ‘ VerJiencllimgen des IX Oongro«!ie« f. Inuere Medicin,* 1890. 

X Wrigln, ‘ Lancet,' March 29,1902, 

§ Wright and Windsor, ‘ Journal of Jlygume/ toI. 2, No. 4, March, 19£M5. 

it Wright, ‘ Koy. Hoc. Froc.,’ rol 71, 1902. 

•S’ Wright, ’ Lancet,’ December 1,1900, and March 2, 1901. 

•• Vide ‘ Journal of Hygiene ' {he, ciL), Tables \rn and VMI. 
ft Wright and Douglas, ‘ Boy. Soo. Proc.,' 1903, vol, 72. 

It Wright and Douglas, * Koy. Soo. Proc./ 1904, vol 79. * 
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phagocytic effect which is obtainod with the blood of succeasfully 
imTMunised persons is attributable not to any modification induced in 
the leucocytes, l)ut to an increased opsonic power in the blood fluids. 
Coticlusive evidence of this was obtainod by separating, in the case of 
two bloods of conspicuously different phagocytic power in each case, 
the blood fluids from the corpuscular elements and then effecting an 
interchange of the blood fluids. The leucocytoa of the successfully 
innnuaisod patient exhibited under these circumstances the smaller 
phagocytic action characteristic of the blood of the normal individual 
who served as a control, while the leucocytes of the norjnal individual 
exhibited the increased phagocytic action characteristic of the blood of 
the successfully immunised patient. 

The witness of the experiment just referred to, and of a previous 
expenment incorporated in our first paper, is confirmed l)y similar 
results ol»tained in connection with the tubercle bacillus. Sec 
pp^ 164-^165. 

Adifhtinativff JHimi. —Normal bumuti serum does not exert any 
characteristic agglutinating action upon tlie staphylococcus. Such 
agglutination as is obtainod is not very sensibly increased under’ the 
influence of staphylococcus inoculations. 

(2) Oom]m'mn of the Phagocytk Power of the. Sfihjedii of Stophf/locMCiia 
Invasion with the PhujocyHe Pmeer of Normal Persons, 

It is clear from what has been said above that the essential change 
which takes place in human blood, as a result of the inoculation of 
.staphylococcus cultures, is an increase in the phagocytic }JOwer, 
dependent upon an increase of the opsonic elements in the blood. 

Further evidence of the essential importance of the phagocytic and 
opsonic power in connection with resistance to staphylococcus invasions 
i.s obtained by contrasting tlie phagocytic power of the subjects of 
staphylococcus invasion with that of normal individuals. 

Our observations on this subject u^ere made in some instances by 
comparing the phagocytic power of the decalcified blood of the patient 
with the phagocytic power of the decalcified Iflood of a normal person. 
More fresquontly we employed in our experiments respectively, the 
patient’s seium and the serum of a normal person in each case in 
association with the washed corpuscles derived from a normal man. 

The results of our olmervations are tabulated below^:— 
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Table showing the Ihitio in which the Phagocytic or Opsonic 
Power of the Patient^s Blood stood in each case to the Phagocytic 
or Opsonic Power of the Normal Individual who furnished the 
Control Blood. 

(The phagocytic power of the control blood is taken in each case 

as unity.) 


Initials of patient. 

Form of staphylococcus invasion. 

Phagocytic or 
oiMonic index. 

K. a. 

Furunculosis. 

0*48 

F. F. 


0‘49 

J. E. 


064 

J H. 


0 ‘S7 

W. B. 

Acne ... 

0*65 

E. H. 


0*82 

W. H. 

Furiiuciilosie.... 

0*79 

R. G. 


0*7 

a. L. 

Acno and sycosis. 

0*74 

S. 0. 

Fiiruniniloftis ... 

0 *87 

W. L. 


0 ‘88 ! 

W. 1*. 

■ ••••••««««««•«•<*•»* 

0 *39 ' 

8. P. 

Vftry Rgj^ravated sycosis... 

0‘1 

E. F. D. 

Acne... 

0 *78 

D. C. .. 

Sycosis.. 

0*8 i 

J. M. 

Acno..... 

0 *48 i 

W. M. 

Sycosis .... 

0 *37 1 

K. P. .. 


0*6 

M. S . 

Pustular affection of lips .. 

0-6 

F. V . 

Repeated septiodnfection . 

____..1 

0*47 


In view of these observations and of the fact that we have not 
come across any instance of the association of a normal phagocytic 
power with a staphylocoeexxs infection, the conclusion would seem 
justified that a low phagocytic power and staphylococcus infection are 
related to each other by some fact of causation. While it is k priori 
possible that the diminished phagocytic power which charaoteriaes 
those infected by the staphylococcus might be the result of the 
staphylococcus invasion, it is infinitely more probable, in view of the 
entire absence of clinical symptoms in the slighter cases of etaphylo- 
coccus infection, that it is the defective phagocytic power of the 
patient which furnishes to the staphylococcus which is normally 
present upon the surface of the body the opportunity for invading the 
skin. 

It is shown elsewhere (see p. 166) that a similar problem arises in 
connection with the circumstance that a low phagocytic power, with 
respect to the tubercle bacillus, is generally found in association with 
tubercular infection. 
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(3) On the Distribution of Opsonim in the Infected Organism. 

It is a fundamentally important but unappreciated fact in connec¬ 
tion with bacterial infections that the hacteriotropic pressure —we designate 
by this term the mass eftbct exerted upon the invading bacteria by the 
protective substances contained in the blood fluids—does not stand at 
the same level in every part of the infected organism. 

One of us has, in conjunction with Captain George Lamb, I.M.S,,'**' 
deraonetrated in the case of patients Mdio had succumbed respectively 
to typhoid and Malta fever that the amount of agglutinins in the 
splenic pulp is invariably less,t in some instances over 200 times less, 
than in the circulating blood. It was further shown in the paper iti 
question that there was a similar difforoiKje ns l>etween the fluid 
obtained from the typhoid spots and the fluid of the circulating blood. 
Captain LambJ; gave a further extension to these observations by 
demonstrating, in the case of monkeys examined immediately after the 
crisis of spirillum fevei', that the splenic pulp (where the spirilla still 
survive after they have disappeared from the circulation) is much 
poorer in bactericidal and bacteriolytic substances than the circulating 
blood. 

It is shown by these observations that the Biuillm typhosus^ the 
Mimicoccm mdiknm and the Spinllmn Ohermeyeri, respectively multiply, 
or, as the case may be, maintain their existence, within the infected 
organism in regions of low hacteriotropic pressure. Wo may legiti¬ 
mately asBXime that the lowered hacteriotropic pressure in the nidus, 
where the micro-organisms are cultivating themselves, results from a 
retarded replacement of protective substances which are removed from 
the body fluids where those come into contact with bacteria. 

Influenced by the results of the observations which have been just 
set out, we have addressed ourselves to the task of investigating the 
distribution of the opsonins in the case whore the human organism is 
invaded by the staphylococcus. With this intent we have instituted 
comparisons between the serum obtained from the circulating blood 
and the fluid obtained by centrifugalisation from pus. It will be seen 
from the observations set forth below that what has been shown to hold 
tme with respect to the distribution of agglutinins and Imctericidal 
and bacteriolytic substances respectively in the bacterial infections 
before-mentioned, holds true also in the case of the opsonins in the case 
of staphylococcic infection. In view of this fact, and of the similar 
facts which we set out elsewhere in connection with tubercular infection 
(see pp, 167—169), it may be enunciated as a proposition of general 

* Wright and Lamb, * Lancet,* December 28, 1898. 

f Thi« obsevfation eo far ai it appUe* to typhoid bad been anticipated by Paul 
Courmcmt, * Soo. de Biologie,* February 20 and March 28,1897, 

t Lambt * Seieniidc Memoira by Offloere of the Medical and Sanitary Depart¬ 
ment# of the Gkwernment of India/ vol. 12, pp. 96, et eeg. 
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application that the invading micro-organiams cultivate themselves in 
the organism in regions of lowered bacteriotropic pressure. 

Case 1. 

13.4.04. Patient with an alveolar abscess pointing on the cheek. 
Pus gives a pure culture of staphylococcus. 


A. 

PatientV ftcrum.. 2 to1». 

A. K. W.'b washed corpumclea.... 2 ,, 

Staphyloeocrus emuUian ....... 1 toJ, 

Phiigocytio index* (aremgeof 20 P.W.B.C,), SO*8. 

B. 

Supernatant fluid from pua,.... 2 role. 

A. K. W.’» washed corpuBcles. ... 2 „ 

StaphylocoocuB enuiUion. 1 vol. 


Phagocytic index (average of 20 P.W.B.C.), 6*1. 

IRaiio of Ojf>H<tnic index of serum to ojisonic index of supernatant fold 

/rom 1 s 0*17. 

15.4.04. Patient has had fomentations applie<l to cheek since 
abscess was opened on 13.4,04. Abscess rapidly hejiling. 


A. 

Patient/B genim... 2 volt. 

A. K. W.*B wft«hed corpuBcles.... 2 », 

StaphylooooouB emiiUion ....... 1 toI. 


Phagocytic index (average of 20 P.W.B.C.), 10*06. 


B 

Supernatant fluid from pus .... 2 vols. 

A. E. W.’b wa«hed oorpuBclea. ... 2 „ 

Staphylococcus emulsion. 1 vol. 


Phagocytic index (average of 20 P.W.B.C.), 10*1. 

of Opsonic index of serum to opsonic index of supernatant fluid 
of pus^ 1; 1. 

Case 2. 

Patient with patellar abscess. Pus from abscess furnishes a puro 


growth of streptococcus. 

Patient^B *erum .. 2 voli. 

A.K.W.*b washedcorpuacleB.... 2 „ 

SlaphyloooccuB emuhion. 1 vol. 


Phagocytic index (average of 20 P.W.B.O.), 14*2. 

• The phagocytic index was here, aa elijewhore, determined By ootinting the 
number of bacteria ingeated in the spemfted number of polyuuelearleuooeytee after 
digesting together in a capillary tube for 16 mini, at 67^ C. the eerum, eorpwlei^ 
and bacterial luepeniion. 
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B. 

SupAruatnnt iluid ot' pus. 2 voU. 

A. E. W/s washed eorpu(ielt>«.... 2 „ 

Staphylococcus emuleum. 1 toI. 

rhagocytic iudcx. (average of 40 B. W.13.0.), 1‘26, 

Rftiio of opsonic ituie^c of serum to opsonic index of mpernaiant fluid 
<f pus^ 1 : 0 ' 09 . 

(4) Iktermination of the. Question us to whether the Opson/ins which conic 
into Consuieration in (■(mnecfion with the Protection of the Organism^ 
against Stapkgloamns IniKision are presmt in the Blood of the Infant 
at Birth. 

Opportunity offering, we have thought it worth while to determine 
whether the protective substances which come into consideration in 
connection with the Staphylococcus pyogenes are present in the blood 
at birth. For this purpose we have made a series of comparative 
estimations of the opsonic power of the blood of child and mother, 
employing for this purpose respectively placental blood and blood 
drawn off directly from the mother immediately after the completion 
of parturition. Wo are indebted to Messrs. B. H. Bpilsbury and 
J. Freeman for the collection of the bloods. The observations we have 
made are as follows :— 


Observations. 

Blood drawn off, in the case of the mother, from the finger; in the 
case of the child, from the umbilical cord. 

No. 1. 

' A. 

Mother’s serum. 3 voJs. 

A. E. W.’e washed corpuscles ... 3 „ 

Staphylococcus emulsion. 1 vol. 

Phagocytic index (average of 20 T.W.B.C.), X6-1. 

B. 

Child’s serum. 3 vols. 

A. E. W.'s washedoorpusolcs ... 3 „ 

Staphylococcus emulBion. 1 vol. 

Phagocytic index (average of 20 P.W.B.C.), 10*6. 

No, 2. 

A. 

Mother's serum .. 2 vols. 

A. E. W.’s washedoorpttsolcs ... 2 „ 

Staphylococcus emaUiou. 1 vol. 

Phagocytic index (average of 20 P.W.B.O.), ld'06. 
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B. 

Oliild'a digram. ... .... *«. 2 vole. 

A. E, W.'d waeliod nofpuscloa ... 2 ^ 

StapliylooocouB emulsion. 1 vol. 

Pliftgopytic index (arerage of 20 V.W.B.O.), 18*25. 


(5) Ikierminafimi of the Course of the Head ion of Immunisation ohtaimd 
in resimm io Inoculations of a Sla 2 '>hyh)corcHs Vaccine. 

We have in a very considerable nurnlier of cases plotted out by the 
aid of the phagocytic method the course of the reaction of immvmisa- 
tion which occurs iii response to inoculations of a staphylococcus 
vaccine. 

A preliminary word or two maj’’ be devoted to the description of the 
mode of preparation of the vaccine. 

The procedure we adopt is as follow^s :— 

We add to a 24 hours’ growth of staphylococcus on sloped agar tube 
about 10 c.c. of sterile physiological salt solution. Churning up our 
culttirc with this, and letting it stand in order to allow all the unresolved 
bacterial masses to subside, w^e draw off the supernatant fluid by syphon 
action into a special form of tube and heat to 60'^ C. for half an hour. 

We now place the tube in an incubator and incubate for 24 hours 
in order to allow of a multiplication of any bacteria w^hich may have 
survived the boating. We now inoculate a sample of the heated 
culttire upon agar with a view to the detection of any surviving micro¬ 
organisms ; at the same time, if this has not before been undertaken, 
we draw off a sample of the suspension and enumerate under the 
microscope by the procedure described by one of us in the ‘ Lancet' of 
July 5, 1902. 

After verifying the sterility of the vaccine we now dilute with a 
sufficiency of physiological salt solution to bring dow'n the number of 
staphylococci in the cubic centimetre to 2,500,000,000. Finally we add 
lysol in sufficient quaiitity to bring the content of the vaccine in this 
antiseptic to 0*25 per cent. 

In connection with boils and sycosis a vaccine made from the 
Staphylococcus aur^s ; in cases of acne a vaccine made from a mixture of 
StaphylocMCus alhm and citreun is appropriate. 

A dose of 0*5 to 1 c.c. of the vaccine made as above is a suitable 
quantum for a first inoculation. For subsequent inoculations 1 to 2 c.c. 
of the vaccine may he employed. 

Below' arc subjoined four of the more instructive of the curves which 
w^e have obtained by the periodical examination of the phagocytic 
power of the blood subsequent to inoculations of staphylococcus 
vaccines. 

Curve 1.—The curve here in question applies to a medical man who 
had suffered from boils almost continuously for 4 years. 
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On the date when he presented himself for treatment he had two 
boils on his neck. It will be seen that the phagocytic ratio recorde<i 
for that day was 0*6—the phagocytic power of the normal control blood 
being throughout taken as unity. 

On the next day aiul the day subsequent phagocytic ratios of 0*7 
and ]*j 1 ‘espectively were recorded. This altogether spontaneous 
improvement of the phagocytic power went hand in hand with a striking 
improvement in the condition of the boils. 

CURVK 1, 



The patient was now inoculated with a quantum of sterilised culture 
of staphylococcus corresponding to 2,000,000,000 of staphylocoeji. 
The culture employed was derived from the patient's boils. 

On the day subsequent to inoculation the patient's phagocytic power 
was foutid to be reduced. Contemporaneously with the development 
of this “ negative phase," an irritable pimple developed on the Aeck, 
We may see in this, for it is a phenomenon which has manifested itself 
again and again in this connection with our inoculations, an indication 
that the negative phase is associated with a diminished resisting power 
to invasion by the staphylococcus* 

On the second day after the inoculation an improvement in the 
phagocytic power was recorded* The ‘^positive phase” which is 
here heralded, reached its acme on the eighth day subsequent to 
inoculation. 

On the twelfth day the patient was re-inoculated with the same 
quantum of vaccine as was employed on the first occasion. As on 
the previous occasion, inoculation was followed by a negative, 
succeeded by a positive phase. For a period of weeks after the 
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inoculation, when the patient passed out of observation, he remained 
perfectly free from boils. 

Cm've 2.—This curve has reference to a patient who suffered from 
aggravated sycosis. A pure cultivation of Staphylomccas citreus was 
obtained from the infiamed hair follicles. He had Tieen treated 
without appreciable lieuefit for 17 months by antiseptics. 

Keference to the curve will show that the patieut^s phagocytic 
power with resjject to the staphylococcus was here, as in the last 
case, less than that of the normal man who served as a control. 


CCBVB 2. 



After his phagocytic power hiid been twice observed, he was 
inoculated with a quajitum of stenlieod staphylococcus cultiire 
corresponding to 2,500,000,000 of staphylococci. These staphylocooci 
were derived from the culture above referred to. 

Subsecjucnt to inoculation we have here upon the curve instead of 
a rise preceded bv^ a fall, only a rise. The absence of recorded 
negative phase is in all probability to bo referred to the circumstance 
that 2 days here iuterveiied between the inocAilation and the first sub¬ 
sequent blood examination. 

On the sixth day subsequent to inoculation the patient was re- 
inoculated with a double quantum of staphylococcus vaccine* This 
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inocnktioti was followed in a typical manner by a negative and positive 
phaBe. AVith respect to this last it will be seen that the curve 
attained its acme on the fifth day, and then declined in the usual 
manner. 

Within a week after the second inoculation practically every trace of 
sycosis had disappeared. The patient was now lost sight of. 

Vnrm .3.—The curve hero in question aj^pIieH to a labourer who 
was the subject of aggravated sycosis. He had suffered at intervals 
from childhocai from boils and other chronic staphylococcus infections. 
A ]niro cultivation of StaphylMitcruii aitrfivtt was obtained from the 
inflamed hair follicles. He had been treated ineffectually for months 
by the usual metho(is. 

As will bo seen on reference to the chart, the phagocytic power 
of the blood was here investigated only from week to week instead of 
at more frequent intervals. As a result the positive phase of the 
reaction is alone on record in the case of the first three inoculations. 
In the case of the fourth inoculation—conducted with a larger 
quantum of the vaccine—the negative phase was still in evidence 
€ days after the inoculation. 

The patient, who was all but completely'* cured at the date upon 
which the curve concludes, afterwards relapsed after free indulgence 
in alcohol. He is now, as a result of further inoculations, again 
practically well. 

Curve 4.—This curve applies to a healthy man of 24 who, while in 
training for a boat race, developed a boil on his gluteal region and 
sulwicquently a crop of boils on his neck. 

CCHVE 4. 



Reference to the curve will show that his phagocytic index stood at 
the date of his first inoculation at 0^84. 
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A quantum of sterilised staphylococcus culture corresponding to 
2,500,000,000 of staphylococci was inoculated. 

Three days afterwards his phagocytic index stood at 0*88. 

A further quantum of 2,000,000,000 staphylococci was inoculated. 

On the fifth and again on the eleventh day after inoculation the 
patient’s phagocytic index stood respectively at and 1 *95. 

Improvement in the patient’s boils was already apparent at the date 
of the second inoculation. After this they completely aborted. 

The patient afterwards relapsed, but did not come up for further 
observation. 


“ On the Action exerted upon the Tubercle Bacillus by Human 
Blood FluidR, and on the Elaboration of Ih’oteetive Elements 
in tlui Human Oi'ganisn) in Response t^o Inoc\ilationB of a 
Tubercle Vaccine.” By A. E. Wiught, M.I)., late Professor 
of Pathology, Ar3ny Medical School, Netley, Pathologist to 
St. Mary’s Hospital, I’addington, and Stkwakt R. Douglas, 
M.R.C.S., Captain, Indian Medical Service. Communicated 
by Sir J. Bukdon Sanderson, P^art., F.R.S. Received 
July 26, 1904. 

(FTom the Pathological Laboratory of St. Mary’s Iloapital, London, W.) 

We propose to consider in this communication (1) the action exerted 
upon the tubercle bacillus by normal human blood fluids and the 
tuberculotropic* substances which come here into consideration ; (2) the 
action exerted upon the tnlierclo bacillus by the blood fluids of those 
who are the subject of tubercular infection; (3) the distribution of 
tuberculotropic substances in the infected organism; (4) the (question 
as to whether these protective substances are present in the blood of 
the infant at birth ; and (5) some points in connection with the elabora* 
tion in the human organism of tuberculotropic substances in response 
to inoculations of a tubercle vaccine. 

I—0« the. Tuherculoiropic EkmenU of Unman Blood (ml on the OorUenf 
of Hie Normil Bbod in time Elements, 

Agglviinins,‘-^The technical difficulties created by the circumstance 
that the tubercle bacillus grows in artificial culture in agglomerated 
masses stood for a long time in the way of the demonstration of the 
presence of agglutinins in the serum. These difficulties were for the 

* The term Merculo-tr&pic U, in accordance with the eoheme of fcerminolo^r 
introduced by Ehrlich, employed by ub to connote the property of turniej; towards 
and entering into chemical combination with the tubercle baciUus, 
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first time overcome by Arloing, who obtained, by the operation of 
a process of selection, n strain of tul>ercle which gives u homogeneous 
growth when the culture is frequently shaken up. For the homo¬ 
geneous cultures of Arloing, Koch substituted u homogeneous sus¬ 
pension of bacilbiiy fi^agmonts obtained hy the trituration of ordinary 
tul>erelc cultures. Koch made his suspension with physiological salt 
solution. 

The test fluid thus constituted exhibits—and this point did not 
escape the observation of Koch—a pronenesa to spontaneous agglutina¬ 
tion. This defect, and it is a defect which may invalidate the results 
of any test examination, can, as was pointed out l)y one of us,* be 
eliminated by employing in lieu of the 0*85-per-cent. NaCl solution, 
prescribed by Koch, a OT-per-cent. NuCl solution.t 

We have in the case of the investigations on agglutination which 
are embodied in this paper in every case employed this OT-per-cent. 
salt solution both for the dilution of the serum and for the suspension 
of the tubercle pow<lor. 

In some of our more recent experiments we have substituted for 
the test fluid constituted as above a homogeneous suspension of tubercle 
bacilli obtaino<l by heating an ordinary tubercle culture to 60* C. for 
atj hour, filtering ofi' the bacterial growth, breaking up this last in 
a mortar with a solution of OT-per-cent. NaCl in 0'r)-per-cent. carbolic 
acid, and finally centrifugalising to remove any bacterial mtisses which 
have not been resolved into their elements. 

In experiments conducted with either the one or the other of these 
test fluids agglutination effecjts are obtained with normal human serum. 
Conducting the experiments in throttled capillary tube.s by the method 
described by otic of n»A taking cognisance of the effect by 
iiaked-eye inspection, a complete sedimentation is generally obtained in 
the 2- and 4iold dilution and incomplete sedimentation in the 8-£old 
dilution. With some normal bloods complete sedimentation is 
obtained up to the IG-fold dilution. 

Bactericidal Elemmfs. —Our investigations into the question as to the 
presence of a bactericidal element in human senim are as yet in- 
con)plete. 

already brought out by us in previous papers,§ the 

* Wright * l.aiioet/ July 25, 3903. 

t Xh« principlo wluoh suggested the r^^plaoemont of the etroug^r by the weaker 
flalfc Bolutiou finds appUcatitui, a!» one of us (8. R. D.) has reoently elicited, also in 
the ease of plague cultures. The B|>ontaneous agglutination which has up to the 
present been a source of diffloulty in measuring the agglutination effect eterted 
by sera xx\yon plague cultures can be completely avoided by employing a OT-pSkr- 
eent. solution of salt in iieu of the broth or physiological salt solution ordinarily 
employed. 

X Wright, loe. cH. 

§ * Roy. 8oc. Proe./ vola, 72 and 78. ^ 
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phagocytic oifoct obtained when bacteria are introduced into the blood 
is dependent upon an action exerted by the blood fluids directly upon 
the Tuicro-organisms. 

We have investigated this question also in connection with the 
tubercle liacillus. In doing so a two-fold technical difficulty confronted 
us adiffictilty associated M'ith the circumstance that the tubercle 

Iwicillus is available in ordinary cultures only in the form of agglo^ 
in era ted bacterial masses, and secondly ^ a difficulty associated with the 
circiimstance that unaltered tu])erclo bacilli when they have been 
obtained in homogeneous suspension are agglutinated l>y the action of 
both serum and physiological salt solution. 

The first difficulty can be siinuounted by bi'wikiug up the bacterial 
masses in a mortar in a 0*1-per-cent. NaCl solution, i.e.^ in a salt 
solution diluted up to the point at which it will no longer bring 
togethe!‘ by its aggliitinatirig action tubercle bacilli which have been 
mechanically separated. 

The second difficulty can be simBOUuto<l by boating the tubercle 
culture to 100' C. 

We subjoin hero a series of experiincnts (conducted before the 
procedure last mentioned was thought out), with living tubercle bacilli 
suspended in a OT-per-cent. NaCl solution. It will be seen that the 
difference l>etween the phagocytic effect obtained with the unhoated 
and the heated serum respectively is sufficiently pronounced to throw 
altogether into the background the source of disturbance which is 
associated with the presence of an agglutinating element in the serum, 

PREUMiNAUY EXPERIMENTS. 

hi (}m series of expennienU a hmmgeiveov^ mi^pennon of tunny hiheixle bacilli 
vm mode hg rubbing up a snmll quantity of a Murclc groidh {ohiaimd from 
a glymine potato culture) in an agate nmiar in 1-zri-lOOO NaCl $ohUim, 
and fihen cenlrifngalinng to get nd of the bacterial masses which had not been 
resolved into Hmr elements. 


Ex|)eriment 1. 

A. 

A, E. W.’s unltottted scrum... 2 voU. 

S. R. D.’s wnshod oorpusole#.. 2 ,, 

Suspension of living fcuberclo baoUU ...... 44 .*..* 1 vol. 

Thttgocytic index (average of 67 P.W.M.O.), 6*4. 

B. 

A. E. W.V serum heated to 60" C. for 20 mins. ... 2 rols. 

S. K. D.’s washed oorpuscloa. 2 „ 

Suspension of living tubercle baoiUi. I toI. 

Thagooyfcic index (average of 80 P.W.B.O.), 0**75* 
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Experiment 2. 

A. 

8. R. B.'fl mihoated serum.... 2 vols. 

S, R. D/s washed oor]>u 0 cles.... 2 „ 

Suspension of li\ung tubercle baoilli ... 1 vol. 

Phagocytic index (average of 16 P.W.B.C.), 17*8. 

B. 

8. R. D/s serum heated to OO*" C. for 20 mins. «. * * 2 vols. 

S. R, !).’« washed cxirpasclcft.. 2 „ 

Suspension of living tubercle bacilli.. 1 vol. 

Phagocytic index (average of 67 P.W.R.C.), 8*0, 


Experiment 3, 

A. 

C. J.*s unheated scrum. 2 vols. 

8. R. B.’s washed corpuscles.... 2 „ 

Suspension of living tubercle bacilli.. 1 vol. 

Phagocytic index (average of 19 P.W.B.C.), 14, 


B. 

C. J.’s serum heated to 60° C. for 20 mins. 2 vols. 

8. K. I).’s washed corpuscles.... 2 „ 

Suspension of living tubercle bacilli. 1 vol. 


Phagocytic index (average of 37 P.W.B.C.)* 8’0. 


With cultures which have been exposed to a temperature of 100* C. 
precisely similar results are obtained, while an advantage ia gained in 
the respect that the count ia no longer rendered difficult by the massing 
together of the bacilli. 

All the experiments hereafter si^bjoined have been carried out with 
such a culture, a culture heated to 100“, broken up in 14n-1000 
NaCl solution, and centrifugalised until all unresolved clumps had been 
carried down. 

Our next series of experiments was undertaken with a view to 
determining whether the increased phagocytic effect obtained with the 
unheated serum is due to an action exerted by the serum directly upon 
the tubercle bacilli. 


Experiment 1. 

A. 

S. R. uoheatod sarum. 2 voU. 

A. R. W.'s wasbad corpuscles... 2 „ 

Suspension of heated tubercle bacilli.. X vol. 

Phegooytic index (average of 20 P.W.B.C.), 6*9. 
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B. 

S, B. D.’s unhratod Beriim.*. *.. 2 voU. 

Suspension ot' beatoU tubercle bacilli... 1 vol. 


Tlio above were digested together for 15 niiiis. at 37C.; were then 
luN'itcd to 60" C. for 10 mins. ; and finally 3 vols. of the mixturb wore 
added to 


A. E, W.’s waHlied corpuscles . 2 vols. 

riiagooytic index (average of 31 P.W.B.O,), 8*6. 


C. 

S. R. D/s uriboated senun.. 2 vols. 

Suiitpenaion of boated tubtircle bacilli. 1 vol. 


I’he above were immediaUdy, after mixture, heated to 60'" C. for 
10 mins., and were then added to 

A. E. W.’s washed corpuscles.. 2 voU. 

PhagocTtio index (avorago of .'50 P.W.B.C.), 0*10. 

Experiment 2. 

A. 

A. E. W.’s unbeated serum... 2 vols. 

A. E. W.’s washed corpuscles.. 2 „ 

Huspension of heated tubercle bacilli... 1 vol. 

Phagocytic index (avcnige (jf 49 P.W.H.O,), 6’2. 

B. 

A. E. W.^8 unboated serum. .... 2 vols. 

Suspension of heated tubercle bacilli. ............ 2 „ 

I’he above were digested together for 15 min.s. at 37" C.; were then 
heated to GO' 0. for 10 mins.; and finally 3 vols. of the mixture were 
added to 

A, E. W,’» washed corpuscloH.. 2 vols. 

Phagocytic index (avemgo of 40 P.W.B.C.), 2‘0. 

0 . 

A. E. W.’s imheated serum. 2 vols. 

Suspension of boated tubercle bacilli... 1 vol. 

The above were immediately after mixture heated to GO" C. for 
10 mine.; and were then added to 

A. E. W.'s washed corpusclos. 2 vols. 

Phagocytic index (avemge of 60 P.W.B.C.), 0*84, 


VOI-. LXXIV. 


N 
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Experitnerit 3. 

A. 

H. IJ. S.V nnlioatH(l «mim. 2 vols. 

A. K. W/s waslted corpuscles. 2 ,* 

SuspunMon of hea4;ed tubercle baciUi.. .. 1 rol, 

rhagocyt-ic index (avorage of 20 P.W«H.C.) 4*8. 

B. 

H. B. S.’« unheuted serum... 2 vol«. 

Suspension of heated tubercle bacilli .. 1 Tol. 

The above were digostcKl together for 15 mins, at 37C.: were then 
heated to fiO C. for 10 mins.; and finally 3 vols. of the mixture were 
added to 

A. E. W.’s washed corpuBclos.*.. 2 voU. 

Pliagocytio index (uv<?ragc of 20 P.W.B.C.), 8*0. 


C. 

H. B. S,’s unlieatcd scrum ..... 2 void. 

Suspension of heated tubercle bacilli.. 1 vol. * 


The above wore immediately after mixture heated together for 
10 mins, to 60" (1; and wore theti added to 

A. K. AV'.’a washed corpudcloH. .. 2 rola. 

Vlmgocvtic index (average of 20 P.W.B.C.), 0*4. 

It will be manifest that these experiments testify to an opsonic 
action exerted by the serum directly upon the tubercle bacilli. 

The smaller phagocytic effect recorded in each experiment in B as 
compared with A is at present without explanation. 

The cxperimeiit next subjoined indicates that it is the potency of 
the serum rather than the potency of the wliite corpuscles which 
determines the amount of phagocytosis. In this experiment the 
corpuscles of the tubercular piitient's blood, and the corpuscles of the 
normal blood respectively were omjdoyed in A' and A"' in combination 
with their native blood fluid. In B' and B" a reciprocal exchange of 


blood flmde was made. 

A'. 

Pationi V washed corpu8cl©» ... 2 void, 

Baticiit'd eerum. 2 „ 

Snsperidion of heated tubercle bacilli.. 1 „ 

Thttgocytio index (average of 3t> P.W.B.C.), 0*06. 

A''. 

A. E. W.’d washed corpuscles... 3 void. 

A. K. W.*» serum.... 2 „ 

Budpention of heated tubercle bacilli. 1 toI. 


Phagocytic index (average of 33 P.W.B.C.), 8*1. 
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B'. 

Pafcierit’d washed tiot’pui»e1ee... 2 vole. 

A. K. W/s aeruin.... 2 „ 

Suspension of living tubercle bacilli. .... X vol. 


I'bagocvtic index (average of 31 IhW.B.O.), 2*1. 


\y\ 

A. E. W.’« wtifthcd corpuscles .... 2 vols. 

Vftth'nt’s scrum.. 2 „ 

Suspension of living tubercle bacilli.. 1 vol. 


Phttgocytir index (average of 3U P.W.B.C.), 1*3. 

It will be seen that the x)liagocytic olfect obtained with the patient’s 
white corpuscles (in A') wtis (in B') increased more than three*fold in 
consequence of the replacement of their native seniin by that of the 
control blood. The phagocytic effect obtained with the white corpuscles 
of the control blood (in A") was (in B") diminished in an almost corre¬ 
sponding degree (approximately two and a half times), by the replace¬ 
ment of their native serum by that of the patient. 

These results are, it may be pointed out, in conformity with those 
recorded in our j)reviouB paper'**’ in connection with the phagocytosis 
of the staphylococcus pyogenes. 

II. — Action exMed %^>on the Tnhercle Bacillm hy ihe Blood-fluidti of those 
who am the mhject of Tidtermlar InfecMon. 

The blood fluids of the subjects of a fiarticular bacterial infection 
may be expected to differ with respect tf) their content in bacterio- 
tropic substances from the blood fluids of normal persons. An 
increased content in these elements may be expected in the case 
where there has been active response on the part of the machinery of 
immunisation to the stimulus of infection; diminished content 
(a) where tbit machinery is becoming exhausted, and (b) where 
infection is dependent upon a native, or at any rate, anteoedent 
deficiency in protective substances. 

AgghUmtmg effect —We have in no instance found the agglutinating 
power of the blood of tubercular patients higher than that of certain 
normal bloods. Sometimes we have found it notably decreased. 
Ill three cases we have found it altogether absent On the average 
we find that it does not differ sensibly from that of the normal blood. 

It would seem to follow—and this oonclusion is in conformity with 
that an*ived at by others—that no indication as to the presence or 
absence of tubercular infection can be drawn from the measurement 
of the agglutinating power, unless perhaps in the case where that 
reaction is foiuid to be quite absent. 

• * Roy. Soc. Proo./ vol. 73, pp. 129 snd 130. 

n2 
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Opsonic cffecL —ITio xneasuromonb of the opsonic power of the blood 
fluids discloses very definite differences. Wo have not in any of the 
sub-joined patients recorded at the outset an opsonic power equal 
to that of our own bloods. On the contrary there has been in each such 
case*a definite defect of opsonic power. The results of our observ^a- 
tions on this point are embodied in the table beIow^ 

Table L—Showing the Opsonic Power of the Blood Fluids in a Series 
of Tubercular Patients. 

The procedure adopted was to mix Unjeiher in mdi cased}w paiierd^s mivm with 
a m&penskm of heakd inhercle harilli and with washed cmpitseles derived 
from a normil person . In each ai.se the opsonic power of the mmnal semni 
employed as a control (flerived in praciiodly every case from A. E. W. 
Of' S. It, D.) was token as nuUy. 


Serial number 
of the 

observatjon. 

Form of the tuberculur infccl ion. 

/ 1 

Opsonic 

index. 

Case 1. 

TuborculHr peritonitis..... 

0-67 

,, 2. 

Laryngeal puthiHis.... 

0*6 

n 3. 

Fsoas ahw'-OHs... 

0*4 

„ 4*. 

Tubercular sycosis..... 

0-4 

M 5. 

Nasal aTul pharyngeal lupus .. 

0-66 

M «. 

Tubercular cystitis..... .. 

0*8 

7. 

,, ,, 

Oencraliacd lupus... 

0-fi 

„ H. 

1 0*6 

M ». 

Lupus of hatid .... 

1 0*0 

» 10. 

Tubercular prostatitis... 

I ()»8 

M n. 

„ glands. 

! 0*86 

M 12.i 

„ abscess of thigh. 

1 0*64 

„ 18t. 

Lichen scropUulosonim... 

0*66 

M H. 

Pulmonary phthisis... 

0*76 

,.16. 

1 

»f j> .^, 1 

1 oeo 

„ l»t. 

Tubercular infection of ovary twid peritonitis 

! 0 *06 

„ 17. 

„ abscesses of arm and obest wall. .. 

1 0*56 

1 


As indicated above, a diminished content in bacteriotropic substances 
such as we have here on record may be ascribed either to the 

♦ It is interesting to note in oormection with this case that the definite diagnosis 
of tubercular infection, which was based upon the histological structure of a 
piece of etcised tissue, was anticipated in yiew of the inductions obtained from the 
phago(?ytic test recorded above. 

The jlternative diagnosis of Htapbylooocsus infection was excluded by the fact 
that the (uttient w'as found to }>ossoss a normal opsonic index with respect to the 
staphylococcus. 

f The patient gave a typical local and general reaction when inoculated for 
diagnostic purposes with a test done of Koeh's old tuberculin. 

t The diagnosis was based upon a histological examination of the extirpatad 
ovary. 
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exhaustion of the protective elements under tlie influence of the 
bacterial invasion ; or, alternatively, to an antecedent doficioney in these 
elements. 

The following considerations appear to m here to plead in favour 
of interineting tlie low opsonic power of the tu])ercular patients here 
in question as the occasion and not the consequence of infection. 

(a) Very low phagocytic indices have l)een obtaineti where constitii 
tional symptoms were absent or insignificant. The cases denoted by 
the serial inunl»ers 3, 4, 5, and 8 are instancoa in point. 

(h) We have in priu tu^ally every case found it possible to increase 
by an inoculation of a tubercle vaccine, the opsonic power of ;i 
patient’s blood fluids. 

Ill,- DidrihUwn af Tubcrcaluiivpk Svhdanrc.'i in Ike Infeded Onjanurn. 

We have made the subjoined observations on this question. It will Ixj 
seen that they are in consonance with the observations (see pp. 151-- -163) 
we have made in connection with the distribution of the staphylococcir 
opsonins in the infected organism, and with the induction that thtj 
bacteiiotropic i)ressure is id ways reduced in the actual foci of infection. 

Observation 1. 

The patient v'as a child ict. 3 years, aflected with tubercular necrosis 
of the sternum, and with <1 tubercular abscess in the thigh, 

A. 

Sorutu obttiiiiod froai blood drawn from flngor.... I vol. 

IfliyBiologicttl salt solution.... 1 „ 

S. R. D.’« W’arihod corpuscles ... •. • 2 voIb. 

SuBponeion of heated tubercle bacilli 1 vol, 

IMiiigocytic index (average of 20 P.W. U.O.), 3*9. 


B. 

SuiUTiiatant fluid of pu« willidrawn from ubstJcSM., 1 roJ. 


Physiologioal salt solution.... ] ,, 

S. R. D.*t# waslicd corpuscles.... . 2 voIb. 

Huspension of healed tuberelo bacilli. J vol. 


PJiagocjtie index (average of 20 P.W.B.C.), 1*1. 


Observation 2. 


The patient was a young man sufiering from a psoas 
tubercular infection. 


A. 


abscess due to 


Serum obtained from blood withdrawn from finger 1 vol. 

Physiological salt solution ...... 1 „ 

A. K. W.*8 Vra»Ued corpuaclos. 2 voU. 

Suiponsion of heated tubercle bacilli. 2 ,, 

Phagocytic index (average of 40 P.W.B.O,), 0'«, 
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B. 

Supernatant fluid of pu# derived from sinus. 1 vol. 

Phyaiologieal salt solution... 1 

A. K. W/s vj^ashed oorpuscles... 2 vols, 

Svisi)cnaion of boated tubercle bacdlli... 2 ,, 


Phagocytic index (40 P.W.B.C. searolied), 0. 

With H view to ascertaining whether the tissue l^unph might not 
normally bo }K)orer in opsonic substances than the serum, the following 
experiment was made:— 


A. 

Scrum of blood withdrawn from A. E. W.’a finger., 2 vols. 

A. E. W.’s washed corpuscles.. 2 ,, 

Suspension of heated tiiborclc bacilli... 1 vol. 


Phagocytic index (average of 50 P.W.B.C.), 0*02. 

B, 

Fhiid from blister raised by friction upon A, K. W/s 
finger.... 2 vols. 

A. E. W.'s washed corpuscles. 2 „ 

Susix nsion of }ieat«d tubercle bacilli.. 1 vol. 

Phagocytic index (average of 50 P.W.B.C.), 0*86. 

Observation 3. 

The patient was a young man operated upon for ascites dependent 
upon extensive tubercular infection of the peritoneum. 

A. 

Serum obtained from blood withdrawn from finger 1 vol. 

B. H. S.’s washed corpuscles . 1 „ 

Suspension of heated tubercle bacilli.... .. 1 „ 

Phagocytic index (average of 21 P. W.B.C.), 26 * 4 . 


B. 

Fluid withdrawn from peritoneum.. 1 vol. 

B. H. S.*s washed eorpusoles . 1 „ 

Suspension of heated tubercle baciUi. 1 „ 


Phagocytic index (average of 34 P.W.B.C.), 4 » 6 . 

It is interesting to bring into relation with the data of this last 
observation {a) the fact that the opsonic index of this patient^s serum 
stood to the opsonic index of the control serum employed (A. E. W.*8) 
as 1 ‘5 :1 ; (h) the fact that the prognosis, so far as the reatriotion of 
the infection to the existing focus of disease, is comparatively favour¬ 
able in cases of tubercular peritonitis; and (c) the fact that a retro¬ 
gression of the infection often follows in these cages upon the evacuation 
of the peritoneal fluid 
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The first and second of these facts suggest that a reaction of immunisa’ 
tiou may be set up by the absorption of vaccinating elements from the 
infected peritoneum. The third fact, and the same applies {nde Case 1, 
I». 152, of the foregoing paper) also in connection with the evacuation of 
abscesses may, perhaps, find its explanation in the data given above. 
It would be reasonable to expect that the flow of netv and active 
lymph, which would ft)llow upon the evacuation of the stagnant and 
exhausted lymph, W'ould operate in the direction of checking the 
growth of invading micro-organisms. 

l Y .—QmsUon as to whether the rrotexiive. Suhskmees udiirh come into con- 
sideration in amneciion with Tnhenie are present in the Blood of the 
Infant at Birth, 

In view of the asserted superior susceptibility of i))fant8 to tubercular 
infection, it appeared to us to bo of interest to measure the respective 
opsonic power of mother and infant. We employed for this purpose 
blood taken from the umbilical cord and blood taken from the mother^s 
finger immediately after completion of labour. Our observations are 
subjoined. 

Observation L 
A. 

Scrum from luother No. 1 ... 2 vola, 

A. K. W.’s washed corpusoJes.. 2 „ 

Siuapcnsion of heated iubcrnle baoilU .... 1 vol. 

Phagoej’tio index (average of 45 F.W.B.C.), 1*6. 


b. 

Serum of infant No. 1. • ... 2 voh. 

A. K. W.’b washed corpueolefl.. 2 „ 

Suspeneion of heated tubercle bacilli 1 vol. 


Phagocytic index (average of 50 V. W.B.O0» 1‘38. 
Observation 2. 


A. 

Scrum of mother No. 2. 2 vol». 

A. B. W.'b washed oorpuscle*. 2 ,, 

Suapcnaion of heated tubercle baofili ., . X vol. 


Phagocytic index (average of 50 P.W.B.O.), 0*4, 


B. 

Serum of infant No, 2. 2 voU. 

A. B. W/e waahed oorpuiclee .... 2 „ 

Suspenaion of Koated tubercle bacilli 1 vol. 


^Pliagooytio index (average of 100 F.W.B.C.), 0*87. 
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Observation 3. 

A. 

Serum of mother No, 3.. 2 vola. 

J. F.’h wnnhed eorpuselett.. 2 ,, 

SuHpeiiMum of heaUMl tubercle baeilli. 3 vol. 

Phngot^ytie index, (average of 10 I* W.IJ.C.), 3‘66. 

n. 

Serum of child No. 3. 2 voltt, 

J. F.V washed eorpuaeles .. 2 „ 

Suspension of heated luhiTole baeilli. 1 voh 

I.*hagoeytic index (average of 40 1*. W.It.C’.), 1*06. 

()]>servution 4. 

A. 

Scrum of mother No. 4-..... 2 vols. 

A. E. W/s washed eorpnstdes. 2 ,, 

Suspension of heated tubercle bacilli .. 1 vol. 

Phagoeytie index (average of 31 P.W.B.C.), 17*9. 


B. 

Sornnt of infant No. 4. 2 vols. 

A. E. W.'s washed corpuscles. 2 ,, 

Susju'nsion of heated tubercle bacilli... 1 vol. 


i*hagocytit! index (average of 30 P.W.B.O.), 10. 

Observation 5. 

A. 

Serum of mother No. 4 agglutinates a suspension of frag¬ 
ments of tubercle bacilli completely in dilutii)u» of 1 in 
2, 4, 8, and 16; uicompletely in a dilution of 1 in 32. 

B. 

Serum of infant No. 4 agglutinates the same suspension 
completely in dilutions of 1 in 2 and 1 in 4 ; incompletely 
dilutions of 1 in 8 and 1 in 16. 

V.— On wmepoints in connecHmi with iJie Elahm'aiion hy the Htumn Organwn 
of 7'iibermlotnypic Elenmnk in response to hioculatimis of a Tuherck 
V^acchw, 

Wo propose to set down here in briefest outline the more important 
of the facts v^hich have emerged in the course of a study of the blood 
changes elicited by inoculations of a tubercle vaccine undertaken for 
therapeutic purposes. 

Ncdart of the Tuherck Vaccine A tulierole vaccine may he 

defined* with respect to its derivation and its effect upon the organism, 
as any derivatii'e of the protoplasm of the tubercle bacillus, which is 
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capable of inducing an elalmcation of tuberculotropic substances in the 
organism. 

We may include under this definition:— 

(]) Such a vaceiiio Us would ho Hrri\'od at by {a) sterilising a 
ttiberclc culture at 60" C.; (^0 bieaking up tlie culture in a mortar in 
0*l-per cent, salt solution ; (c) centiifugalising to remove any residual 
l>acteriid masses; (//) njsteriUsing at 60" CJ.; and (^) standardising by 
enumeration, or hy centrifugalisation in gradiiated tubes i]t a sufficiently 
concentrated salt solution. 

(ti) The preparation, whicli is sold, as a thei‘aj»eutic agent, under the 
name of Koch’s new tuberculin or T.R. tii]>erculiii. 

This preparation consists, as is well known, of a fine suspension of 
triturated tubercle bacilli. The trituration to which the tuljercle 
culture is sidjjected is emplo^^ed with the twoTold object of sterilising 
the vaccine by a })rocess of coraruiiiution, and of obtaining the fine 
suspension which is desired. 

It is doul)t:ful vdicther the first of those ends can bo efficiently 
secured b}^ any process of trituratifni. The homogeneous suspension 
which is de.sii'cd can, as was shown above, be obtained by moans other 
than the comminution of the ])aciUi by machinery. 

(3) The prepaiMtion, which is now sold, chicHy for diagnostic uses, 
tinder the name of Koch’s old tuberculin.* 

This preparation consists, as is well known, of the inspissated filtrate 
of a tubercle culture \vhich has been grown for a period of weeks upon 
glyceriiuLted broth, and which has aftei'W'ards been sterilised at 100'^ C. 

Pending the working out of a vaccine upon the lines indicated in 
(1), the T.R. tuberculin has l)een the vaccinating material employed. 

In our earlier experiments this preparation was simply diluted with 
/sterilised salt solution. 

In our later experiments we have—after satisfying ourselves that 
the vaccinal properties of Koch’s preparation are unaffected by the 
adoption of such precautions—in every case heated the T.R tuberculin 
to 60 C. for 1 hour, and have made our dilutions with a sterilised 
salt solution which had received an addition of 0*25 i)er cent lysol. 

• Th© projLTositioa that tlie old tuhonrulin may appro]>riatdy be denoted u 
vaccine derives its justiOoation, lirst, from tlie consideration that Uie prolonged 
eultiratiou and the prolonged digestion of tlio uulfcure which is involved in the 
procoffs of nianufactnro must associated with autolysis, and secondly, from 
the observations made in connection with Case J3 of Table I and the last patient 
in Table III. 

In tho former case, tlie opsonic index of the patient’s blood stood at 0*66 
Immediately before tlie inoculation of 1 miUegramme old tuberculin. It stood at 
<r65 18 hours afterwards in the height of the febrile reaction, and at 1H)1 8 days 
later. 

In the latter case, the opsonic index of the blood stood at 0'd7 iminodiafeely 
before the inoeulation of 1* millegra-nme of tho old tuberculin. It stood next day 
at 0*4, and 8 days laU'r at 0*76. 
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Prmdjth upon which the FatunU ivcir Sclectnl and Gmcral Procedure 
Followed in Cmmemm wUh tke InMidatimu. 

We have in our selection of cases been guided by the desire to deal 
at first only xvitli the most aggravated and seemingly intraetal)le cases 
of localised tubercular infection, and only with cases which would furnish 
unambiguous objective evidence of any progiess or regress of the 
infection. 

The general procedure followed was to begiii in each case rtfter 
the measurement of the content of the patient’s blood in tu])orculo- 
tropio substances, with very small doses (generally 1/500th milli¬ 
gramme) of the vaccinating material, and to leinoculate at intervals of 
10 days, retesting the blood on each occasion, and in the case of each 
patient exprossirjg the results in the form of a cui*ve. 

In ou7‘ earlier experiments, before we had elaborated the procedure 
for measuring the opsonic power of the blood, we wore necessarily 
restricted to a measurement of the agglutinating power. 

Data Fumkhed by the Mmmrammt of the Agylidimitiny Power vn the 
(km if Patients Undergoing Anti-Taberde Inmilaiion, 

The method of investigation here in question—and wo would note 
that it had Ixjfore us l>eon employed by Koch in conuectiou with 
inoculations of his T.K. tuberculin—furnishes, it seems to us, indications 
which have a certain value. 

An increase in the agglutiruiting power of the blood is generally, as 
in the cases tabulated below, ol)Uiinod in the course of a successful 
immunisation. 

It is, however, to be noted that the rise in the agglutirtation curve 
may occur long subsequent to the achievement of veiy marked clinical 
improvement, and further that such clinical improvement may l>e 
obtained quite apart from any sensible increase in the agglutinatijig 
power of the blooil. 
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Table II.—Showing the Agglutinating Power of the Blood in the case 
of a Series of Patients, before Inoculation, and after a Series of 
Inoculations of Tubercle Vaccine, 


1 

i 

t 

Patient*s 

initials. 

Highest dilution of 
Berum in which 
complete agglutina¬ 
tion was obtain eel, 
and date of observa¬ 
tion (in brackets). 

Highest dilution of 
serum in which com¬ 
plete agglutination 
was obtained after 
the inoculations 
particularised in the 
next column, and 
date of obserA’tttion 
(in brackets). 

Poses of 

T.K. tuberculin, and 
dates of inocula¬ 
tions (in brackets). 

( 

A. K. 

3 (2.12.03) 

. - 

3:2 (23.3.04) 

mgrm.* 

0 -0025 (2.12.03) 

0*01, (17.12.03) 

0-01 (4.1.04) 

0 01 (X4.1.04) 

0*0076 (21 1.04) 

0 *0075 (1.2.04) 

0*015 (16.2.04) 

0*02 (1.3-04) 

0*04 (11.3 04) 

J. A. 

0 (li.-l„08) 

C4 (21.4.03) 

0 -002 (6.4.08) 

0 01 (8.4.03) 

0 02 (16,4.03) 

N. T. 

1 

! 

i 

1 

4 (0,1.04) 

04 (23.8.04) 

1 

1 

i 

0 003 (201.04) 

0 -005 (2.2.04) ! 

: 0-01 (23.2.04) ! 

: 0 01.6 (2.3.04) 1 

0 02 (12.3.04) ! 

; N. w. 

\ 

\ 

i 

f 

i 

I 

8 (10.12.08) 

! 1 
i 

82 (20.3.04) 

1 

0 01 (17.12.08) : 

0-0076 (4.1.04) ; 

0-0076 (1!*.1.04) : 

O-Ol (28.1.04) : 

0-01 (10.2.04) 

0 -015 (19.2.04) 

; 0-02 (3.3.04) 

1 0-02 (14.3.04) 

j JC. J. 

1 

i 

] 

’ 4 (27.1.04) 

: i 

32 (16.3.04) 

' 0-003 (27.12.08) 

! 0 -0060 (11.1.04) 

O-Ol (28.1.00) 

. 0-016 (1.8.04) ; 

1 K.S. 

1 

! 2 (17.4.08) 

64 (30.4.08) 

0-005 (21.4.03) i 

} 0 -01 (24.4.08) : 

M. O, 

1 i 

0 (16.12,03) 

24 (17.2.04) 

0-004 (28,12.03) ! 

0-008 (5.1.04) ! 

0-016 (21.1.04) i 


♦ The waighte here in question refer in each case to the weight of tubercie 
powder tt«M to be contained in the quantum of X.B, tuberoulin adminiitered. 
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In uddition to furnishing indications of successful advance in the 
dilection of immunisation, the moaaurement of the agglutinating 
power of the juitient^s blood may afford also indications of regress in 
the direction of incroaeod susceptibility resulting from an overtaxing 
of the machinery of immunisation. 

In exemplification of this we may quote three passages fronx the 
history of a patient (E. 8. Tables II and III) with tubercular infection 
of the kidney and bladder, whose agglutination curve was followed for 
nearly 18 months. 

The patient in question, who bad in association with the inoculations 
set forth in 'Fable II put on 5 IIjs. in weight, received on April 30, 
the date on which the record in Table II closes, 0*025 milligramme 
on May 5, 0*05 milligraiximo, and on May 13, 0*2 milligramme of 
I'.K. tuberculin. 

In association with the first two of those inoculations, the agglutina¬ 
tion curve sank away rapidly from 64 to 8, the patient losing at the 
same time 3^ lbs. in weight, and suffering from considerable constitu- 
tioival disturbance. 

In aasochition witli the third of these itioculatioris the agglutinins 
disappeared entirely from the blood. 

On a later occasion in the beginning of November, 1903; wlien the 
general condition of the patient had very markedly improved and when 
her body weight had increased by 23 lbs., xi similar negative phase effect 
accompanied l>y constitutional disturbance wan obtained iti association 
with the inoculation of three 1 milligramme doses of the T.E. tuberculin 
on November 2, 6, and 11 respectively. Here the complete agglutina¬ 
tion, which was on the tirst of those dates obtained in a 32-fold 
dilution of the serum, was obtained after the inoculations only in an 
8-fold dilution. 

Again, in the begiTHiing of December when another attempt was 
made to press the inoculations, the agglutination curve, which had 
risen again to 32 after the inoculations referred to in the preceding 
])aragraph, declined in consequence of two 1 milligramme inoculations, 
first to 8 and then to 2, and the patient^s symptoms were aggravated. 

A similar decline of the agglutinatioii curve has come under 
observation also in other cases in xissociation with the premature 
increase of the close of vaccine, and with the shortening of the interval 
between successive inoculations. 

I Jala pirjiisJml by flut meamrtnieni of the Oimnic Powa' of the Blood 
in the case of Patients mideryoing Antiduberch ImmlcdumH. 

Much more valuable than the indications which can be gleaned from 
the measurement of the agglutinating power of the blood are the 
indications furnished by a mexisiireraent of the opsonic power of the 
patient’s blood, While the mexmirement of the agglutinating power 
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of the blood may fail to furnish indications of an abnormally low 

resisting j)ower on the part of the untreated patient; and while it may 
yield only tardy information of the alterations effected in the blood 
fluids by inoculation; and while it may sometimes altogether fail to 
distinguish bctweeti the patient’s condition before and after successful 
immunisation ; the measurement of the opsonic power satisfies it would 
seem all these desiderata. 

Wo have already seen in Table I that it distingiiisheB'^ between the 
tubercular subject and the person with normal resistance. And we 
^hall see in the talde l>elow that it furnishe.s prompt, and clear 

indication of the negative phase which supervenes upon inoculation, 

and again of the positive phase which succeeds the negative phase 
wherever the organism possesses the necessary power of response. 
Furthermore the measurement of the opsonic pov^er of the blood dis¬ 
tinguishes clearly between the untreated tubercular patient and the 
patient who has made progress in the direction of immunisation. This 
will appear clearly on comparing, in Tal)le ITT below, the .opsonic 
indices achieved after inoculation with those set forth in Table 1. 

In conclusion we may note, that while we are jointly responsible for 
the observations set forth in Sections 1, 3, and 4 of this paper, the work 
which is embodied in Sections 2 and 5 has l>een separately undertaken 
)>y one of us. 


* It -will not, however, invariably do so. 
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Table III —rmtinue . 
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31.6.04 j 0 -98 

32.6.04 0 006 ! 

12.7.04 0-008 0-84 

26.7.04 1 -66 







Table III— amtinued. 
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** On the Denaity of Nitrous Oxide.*' By Lohd Raylkioh, 0,M. 

F.RS. Eeceived September 1, 1904. 

In the ‘ Proceedings/ vol. 72, p. 204,1897,♦ I have given particulars of 
weighings of nitrous oxide purified by two distinct methods. In the 
first procedure, solution in water was employed as a means of separating 
leas soluble impurities, and the residt was 3*6356 grammes. In the 
second method a process of fractional distillation was employed. Gas 
drawn from the liquid so prepared gave 3*6362. These numbers may 
lie taken to represent the corrected weight of the gas which fills the 
globe at 0“ C. and at the pressure of the gauge (at 15'), and they 
correspond to 2*6276 for oxygen. 

Inasmuch as nitrous oxide is heavier thar) the impurities likely to be 
contained in it, the second number was the more probable. But as I 
thought that the first method should also have given a good result, I 
contented myself with the mean of the two methods, viz., 3*6359, from 
which I calculated that referred to air (free from HoO and CO 2 ) as 
unity, the density of nitrous oxide was 1*52961. 

The corresponding density found by M. Leducis 1*6301, appreciably 
higher than mine; and M. Leduc argues that the gas weighed by me 
must still have contained one or two thousandths of nitrogen, f Accord¬ 
ing to him the weight of the gas contained in my globe should be 
3*6374, or 1*5 milligrammes above the mean of the two methods. 

Wishing, if possible, to resolve the question thus raised, I have lately 
resumed these researches, purifying the nitrous oxide with the aid of 
liquid air kindly placed at my disposal by Bir J. Dewar, but I have not 
succeeded in raising the weight of my gas by more than a fraction of 
the discrepancy (1*5 milligramme). I have experimented with gas 
carefully prepared in the laboratory from nitrate of ammonia, but ns 
most of the work related to material specially supplied in an iron 
bottle I will limit myself to it. 

There are two ways in which the gas may be drawn from the supply. 
When the valve is upwards, the supply comes from the vapouroua 
portion within the bottle, but when the valve is downwards, from the 
liquid portion. The latter is the more free from relatively volatile 
impurities, and accordingly gives the higher weight, and the difference 
between the two affords an indication of the amount of impurity present. 
After tt*eatment with caustic alkali and sulphuric acid, the gas is 
*^nducted throiigh a tap, which is closed when it is desired to make 
a yacumn over the frozen mass, and thence over phosphoric anhydride 
globe. 'For the details of apparatus, etc., r^renoe must bo 
papers. The condensing chamber, which can be 

• Or ' Scientifio Fibers/ toL 4, p, 360. 
t ‘ H«*ehs«shes »ur 0a*/pjirid, 18^8. 
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immersed in liquid air, is in the form of a vertical tube, cm. in 
diameter and 22 cm. long, closed 1>elow and above connected laterally 
to the main channel. 

The first experiment on July 13 was upon gas from the top of the 
bc»ttle as supplied, and without treatment by liquid air, with the view 
of finding out the worst. The weight was 3’6015, about 36 milii- 
grammes too light. The stock of material was then purified, much as 
in 1896. For this purpose the bottle was cooled in ice and salt’^ and 
allowed during al)out one hour to blow ofi' half its contents, being 
subjected to violent shaking at frequent intervals. Subsequently three 
weighings were carried out with gas drawn from the bottom, but 
without treatment by liquid air. The results stand;— 


July 18 . 

. 3-6368 

July 20. 

. 3*6360 

July 26 . 

. 3-6362 

Mean. 

. 3-63633 


Next followed experiments in which gas, still drawn fi'om the 
bottom of the bottle, was further purified by condensation with liquid 
air. The gas, arriving in a regular stream, was solidified in the 
ooiidensiug chamber. When it was judged that a sufficiency had been 
collected, the tap behind was turned and a high vacuum established 
over the solid mass with the aid of the Toplor pump. The pump 
w ould then be cut off arid the gas allowed to evaporate and accumulate 
in the globe. A reapplication of liquid air caused the gas to desert 
the globe for the condensing chamber, until in a surprisingly short time 
H vacuum was re-established. Little or nothing could now be drawn 
o6f by the pump, and it was thought that a distinct difference could be 
perceived between the first and second operations, indicating that in 
the first condensation a little impurity remained gaseous. If desired, 
tlie condensation could be repeated a thiixl time. On one oooasion 
(August 7) the condensed gas was allowed to Urniefy^ for which purpose 
the pressure must rise to not far short of atmospheric, and to blow ofif 
part of its contents 

August 1 .. 3-6363 

August 3 . 3'6367 

August 7 . 3*6360 

Mean. 3‘63653 

The treatment with liquid air raised the weight by only 0'2 millb 
gramme, but the improvement is probably real Iliat the stook in 

The lower the temperature below the eritle®! |>oint,the more “ 

procedure likely lo he. 













tbe bottle «till contained appreciable impurity is indicated by a weigbibg 
on Angost 13, in vrhich without liquid air the gas was drawn from the 
i<f of the bottle. There appeared 


AugtistlS.. 3'6854, 

about 1 milligramme short of the proper weight. 

It will be seen that the result without liquid air is almost identical 
with that found by the same method in 1806, and that the further 
purification by means of liquid air raises the weight only to 3*6365. 
I find it difficult to believe that so purified the gas still contains 
appreciable quantities of nitrogen. 

The corresponding weight of air being 2*3772,* we find that, referred 
to air as unity, the density of nitrous oxide is 


3*6365 

2*3772 


1*5207. 


Again, if oxygen be Uken as 16, the density of jiitrous oxide will be 

3*6365 X 16 ^ 09.1 iq 
2*6276 

The excess above 22 is doubtless principally due to the departure of 
nitrous oxide from Boyle's law between atmospheric pressure and a 
condition of great rarefaction. 1 hojio shortly to be in a position to 
apply the correction which will Jillow us to infer what is the ratio of 
molecular weights according to Avogadro’s rule. 


• ‘ Roy. Sot*. Proc./ vol. 68, p. 184,1898; * Hoientlfic Papers,’ vol. 4, p, 47. 
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[D 7050.] 

HydmlyBis of Cane Sugar by d- and /-Oamphor-^-Sulphonic 
Acid.'’ By Eobkut John Caldm^ell, B.Sc., Clotbworkers* 
Scholar, Chemical Department, City and Guilds of London 
Institute, Central Technical College. Communicated by 
Professor H. E. ARMSTUoNr., F.RS. Eecoived dune 1C, 1904. 

The study of the action of asymmetric hydrolytic agents on the 
sugars acquires interest from the fact that enzymes, which exhibit 
most remarkable activity as hydrolysts, are apparently all asymmetric 
in structure. The only experimeiits of the kind made hitherto are 
those by Emil Fischer,* on the action of d- and /-camphoric acids on 
caTie sugar, described in his memoir on the importance to Physiology 
of Stereochemistry. No ditlerence was detected; but as the experi¬ 
ments M^ere made at 90" C. in sealed tul>es, it was desirable to extend 
the inquiry and to operate ui\der conditions more nearly comparable 
Muth those under which enzymes act. 

At Professor Armstrong’s suggestion, tlie acids selected for the 
purpose were the two isomeric acids of opposite activity prepared by 
direct sulphonation of J- and /-camphor by Eeychler’s method. They 
are ea 6 il 3 ^ prepared and they act quickly, so that their action can be 
studied at atmospheric temperatures; moreover, as concentrated 
solutions can be used, even a small difference in their activity should 
not escape detection. The inversion was carried out in a polarimeter 
tube enclosed in n jacket through which a flow of water was maim 
tainod varying in temperature by only ± 0-05'' from 20*05" C. 
Eeadings of a,) were Uken at intervals of 15 minutes. The results 
obtained are entered in the following tables, in which a is the amount 
of cane sugar per litre of solution w^hen the first reading was taken and 
a - X the concentration of the solution, at other times / minutes after 
the first reading. The strength of the acid in all cases was 0*488 gramme 
molecule per litre, as determined by titration with alkali. The 
concentration of the sugar solution used was 17*1 per cent. (0*5 gramme 
molecule). The rate of change was such that the inversion was about 
half completed at the end of six hours; the end point was determined* 
in Cases I and II after 48 hours standing at 20" C. 

Although there cannot have beeti any great difference in the 
conditions in the different exjieriments, the results must not all be 
included in one scries, as the temperature regulator was readjusted 
after the first and after the fourth experiment; they are therefore to 
be considered in throe sets, viz.; I: II, III, IV: V, VI, VII, VIIL ^ 

Bio first set gave K** 10^02 for the dextro acid andi 9*96 for tlm 

* * Zflit*. Physiol. OUem./ 1896, tol. 36, p. 88. 
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liaevo acid; in the second set, the value obtained for the dextro acid 
was 9*87, that for the lajvo acid being 9*99. 

Slight variations in the temperature would account for such 
differences, as the influence of temperature on the rate of change is 
known to be very great. But oven in these experiments the variations 
observed are small and not such as to suggest any substantial difference 
between the two acids. In the la.st sot of observations, fully set forth 
in the table on p. 187, which there is every reason to regard as 
satisfactory, there is clearly fto evidence of a difference in the activity 
of the and ^-acids to bo noticed. 

The results, therefore, not only confirm the conclusion arrived at by 
E. Fischer, but are also in agi'oeinent with the observations of Marckwakl 
and Chwollcs,* that methylie and /-tartrates are hydrolysed with 
equal readiness by ^nicotine (at 17*6 and 40"" C.). On the other hand, 
they are in remarkable co/itrast with the conclusions of Marckwald 
and McKenziet and of McKenzie]: that ethereal sfdts similarly derived 
from optically active isomeric compounds are both formed and 
hydrolysed at different rates. It is to be noticed, however, that the 
experiments of these chemists were carried out at relatively high 
temperatureB and that they involved racemisation. 

An experimer>t made with chlorhydric acid and cane sugar under 
conditions precisely similar to those prevailing in Experiments V—VIII, 
using a solution containing 17*6 per cent, (0*5 gramme molecule) of 
cane sugar and 0*486 gramme molecule of hydrogen chloride, gave the 
value K« 11*18. 

Representing the activity of hydrogen chloride as 100, that of 
caraphor-/S-siilphonic acid is therefore 89*8, which is a value in accoi'd 
with that assigned by Ostwald to ethylaulplionic acid, viz., 91*2. 

In the preliminary stage of the inquiry, a comparison was also made 
of the action of chlorhydric acid and of c/-camphor-j8-sulphonic acid 
on milk sugar at 60”* L The value obtained for the former was 
K » 3*63. § The values observed in the case of the camphor-acid were 
m follows:— 


♦‘Ber./ 1898, vol. 81, p. 788. 

+ • 1899, vol. 82, p. 8m 

t * Cliem. Soo. Ihnans.,* 1904, voU 85, p, 878. 
§ * Roy* Soc. Rpoo.,* vol. 78, p. 688. 
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18 per cent. (0'6 gramme molecule) milk sugar, O'400 gramme molecule 
c/-camphor-yS-Bulphonio acid. Temperature, 60*'1. 


Time in hours. 

<*0 

Per cent, 
hydrolysed. 

t , 

0 

20‘90 

— 

— 

8 

21*73 

14*9 

[1*46] 

16 

21*93 

18*6 

0*93 

22 

22*37 

26*4 

1*01 

44 

23*46 

45-8 

1*01 

72 

24*30 

61*0 

0-96 

95 

24*88 

71*5 

0*96 

Complete change .. 

. 26'47 

Mean ... 0*97 


K (for normal acid) «= 2-43. 


Although possibly aftected by a considerable error, on account of the 
difficulty attending such observations at high temperatures, these 
results appear to indicate that the activities of the two acids are by no 
moans the same towards cane sugar and towards milk sugar, being 
about 100 : 90 in the one case and 100 : 70 in the other. Sigmond has 
already shown* in the case of cane-sugar and maltose, that although 
sulphuric and oxalic acids have the same relative activity towards both 
carbohydrates, chlorhydric acid is relatively more active towards 
maltose; it appears, therefore, that cane sugar is less sensitive to attack 
by chlorhydric acid than are other sugars. The point is one which 
deserves further investigation. 

Although the experiments described in this note have given a negative 
answer to the question considered, it is proposed to extend the inquiry 
to other acids. 


• ‘ Ztiits. Phys. Chem./ 1898, rol. 27, p. 890. 
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[D 1850, 7050, 8010.] 

“ Studios on Euzyrrm Action. V—Hydrolysis of Isomeric Gluco- 
sides and Gala<?tosides by Acids and Ezizymes.” By Edm^auu 
Fuanklakd Aumhtuono, Ph.D., Salters* Company’s lieaearch 
Fellow, Chemical Department, City and (luilds of London 
Institute, Central Technical College. Gonunnnicated l>y 
Prolessor H. E. AitMSXnoMo, FJiS. Eeceived August 26, 
1904, 


In view of the use constantly made, in contrasting the action of 
sucroclastic enzymes, of the stereoisomeric a- and /^-methyl glucosides 
and the corresponding galactosides as test materials, it was desirable 
to gain some idea of the relative stability of these four compoimds in 
presence of acids and wherever possible towards enzymes, a know^ 
ledge of their behaviour being of importance, both as throwing light 
on their intrinsic properties and for the purpose of correlating the 
activities of the various compounds amenable to hydrolysis. 

As already pointed out,* in studying the hydrolysis of sugars under 
the influence of enzymes, it is difficult to institute just comimrisons, as 
not only, as a rule, is a different enzyme required for each sugar, but 
we have no means at present of determining the amount of enzyme 
used; and sooner or later, it will bo necessary to accumulate data 
correlating one or more analytical factors (nitrogen percentage, etc.) 
with hydrolytic activity. The difficulty spoken of is enhanced by the 
fact that, usually, several enzymes occur together—so that no ordinary 
analytical process can suffice for the determination of the amount of a 
particular enzyme present in a solution. 

On the other hand, it will be of importance to determine whether 
any one enzyme is capable of hydrolysing several different compounds 
or whether each particular hydrolysis is ascribable to some one 
particular enzyme. There is only one case at present known which 
can bo discussed with any degree of certainty. It has been urged by 
some French workers, especially by Bourquelot and Heriesey,t that the 
action of omulain on milk sugar, is due to the presence of small quantities 
of lactase, together with the emulsin proper. The followirtg facts, 
brought forward in Nos. 2 and 3 of this series of papers, may, however, 
be urged against this view, 

(1) The curve expressing the rate at which milk sugar changes 
is not of the form to be expected if only a very small quantity of 
enzyme (lactase) were present: in that case a linear expression should 
apply during the early stages; actually the curve is only of this form 
when small quantities of emulsin are used. 


» « 


Boy, Boo. Proo.,* 1904, roi, 79, p. W5. 
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(2) The action of emidsin on milk sugar is most retarded by glucose, 
and only to a slight extent by galactose, whereas galactose alone 
affects the action of lactase. This, again, would appear to afford proof 
that the emulsin is directly active. 

(3) The curves for emulsin fall off very much more rapidly than 
those for lactase, showing that the action of the i)rodacts in removing 
the enzyme is greater in the former case. 

It therefore appears that the differences apparent in the behaviour 
of emulsin and lactase towards milk sugar are such as to render it 
improbable that the action of the emulsin is duo to the presence of a 
small proportion of lactase; it would seem, rather, that emulsin is 
capable of acting on ^-galactosides as well as on /:l-glucosides.* 

A different enzyme being required, as a rule, for each sugar, the 
relative activities of enzymes cannot well be repot'ted in terms of any 
particular sugar taken as standard; the only method open to us at 
present is to determine the activity of a particular acid towards the 
various sugars and to estimate, by direct comparison, the activity of 
the ejizyme in terms of this standard acid. But, unfortunately, acids 
compare very imfavourably with enzyme.s as hydrolysts: so that, 
in order to effect hydrolysis at any reasonable rate, it is necessary, 
except in the case of cane sugar, to operate at elevated temperatures, 
at which a direct comparison between acid and enzyme is impossible. 
The experiments here described are to be regarded merely as a first 
attempt in the direction indicated. 

Acid Activity .—The method adopted is substantially that previously 
described. Solutions of the glucoside containing 3 grammes per 
100 c.c. were hydrolysed by means of a half gramme molecular propor¬ 
tion of hydrogen chloride at 74“. The following tables give the 
results obtained with the various hexosides. The values of the velocity 
constant K, expressed in the hist column, are calculated on the assump¬ 
tion that the change is mono-molecular. 


• Pott 0 vin'« (* Ana. Inst. Pasteur/ 1903, toI. X7, p. 31) iuvestigatiens seem to 
howem, that A9p0r$itt»$ %iger oontains an eusyme which is oapaMe cl 
/S-gluoosides but not jS-golootosid^i or milk sugar* It remains an open 
^uesthm this emulsin is identical with that obtained from almonds. 



190 


Dr. E. E. Armstrong, 


[Aug. 26, 


Table I. 


Table 11. 


a-Mothyl glucosidc. 


I Temporafcuro, !l 

Temperature, 74°*8. 

Titni' 
in hours. 

Change in 
rotation 5=» x. 

, 1 
K = Mog —.i 

_! 

Time 
in hours. 

iT. 

K. 


mills. 

' 


mins. 


2 

15 

0 -00955 

2 

18 

0 *0116 

4 

30 

0 *00975 ! 

4 

84 

0 *0111 

7 

52 

0 *01000 1 

C 

48 

00107 

17 5 

117 

0 *01010 

24 

174 

0*0124 

21 

137 

0*01027 j 




24 

I4fl 

0 *00977 1 




29 

176 

0 *01047 1 




Total "1 
change J 

a a* 360 

Mean K 0*01 


a 360 

K - 0-0114 


Table III. 


Table IV. 


/3-Methyl glucosido. 


; 1 

j Temperature, 74^*1. |j 

Temperature, 74'’*8, 

Time. 


K. 

Time. 

X. 

K. 


mins. 



mins. 


1 

11 

0 0177 

2 

28 

0-0288 

2 

22 

0 *0181 

4 

60 

0*0218 

4 

41 


6 

70 

0 '0213 

6 

60 


24 

193 

0*0219 

7 

69 

0-0179 

48 

253 

0*0228 


a w< 275 

K » 0-0179 

1 

a ■■ 276 

K «« 0 0220 
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Table V. Table VI. 


a-Mettiyl galactoside, , /J-Methyl galactoside. 


- 

Temperature, 74®* 1. 

Temperature, 74®*8. 

Time. 

oc. 

K. 

Time. 

iC. 

K. 


mine. 

1 

1 


ntins. 


2 

72 

0 *0537 

2 

42 

0*10(56 

4 

125 

0 *0518 ! 

4 

85 

0 *1059 

5 

150 

0 0328 

H 

105 

0*1041 

7 

196 

0 -0662 ; 

7 

121 ' 

0 ‘1077 


240 

0 -0667 





o — 320 j 

K = 0'0642 j 

i 

a ^ 154 

K « 0 *1061 


Table VII. Table VIII. 


Salicin. Temperature, 74"* 1. 


t. 

X. 

K. 

j: 

X. 

K. 


miuLti. 


i 

. 

minA. 


1 

48 

0 '0612 


26 

0*0642 

2 

85 

0 *0576 

!l 1*6 

65 

0 *0535 

8 

124 

0 *0601 

i; 2-6 

105 

0 *0589 

4 

161 

0 *0632 

:! 8-5 

141 

0*0006 

6 

205 

0*0697 

i! 6*S 

199 

0 *0022 

8 

244 

0*0600 

il 7-6 

235 

0 *0598 


a»365 

mean 0 0603 

■ I 

( i 

« - 305 

mean 0*0699 


The mean values of K are collected in the following table, which 
also contains Sigmond's value* for maltose :— 


Table IX. 


Hexoside. 

K-ilog-®-. 

t ® a—ip 

Temperature, 74®1. 

Temperature, 74®*8. 

a^Methylgluooeide ... 

0*0100 

0*0179 

0*0642 

p-0884* 

0*0601 

0*07^ 

0*0114 

0*0220 

0*0650* 

0*1061 

glnnoalde .. 

galaotottide • -.... 

gidaotniindA .... 


Midtnaa...... 



* ‘ jSeit* Phy** Ohsm.,* 1898, voL 27, p. 8S6. 
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It will bo noticed that the various hexosides vary widely in stability : 
the ^-glucosides iindergoing hydrolysis more rapidly than the stereo- 
isomeric a-compounds—a fact already noted by Alberda von Ekenatein 
—whilst the galactosides are more rapidly attacked than the corre¬ 
sponding glucosides. These conclusions are in harmony with the well- 
known fact that the a-compound preponderates in the mixtures 
obtained in preparing the methyl glucosides and galactosides* and 
also serve to explain the circumstance that, in separating methyl 
galactoside (by E, Fischer’s method), it is necessary to avoid the 
presence of acid far more carefully than in separating methyl 
glucoside. 

In the case of the a- and /i-ghxcosides and galactosides, the stereo¬ 
isomerism in each pair of compounds is confined to the terminal carbon 
atom j it is, perhaps, noteworthy that there should be so considerable 
a flifference between compounds so related. 

But it is even more surprising that a change in the general configura¬ 
tion at the fourth carbon atom, affecting only the nature of the attach¬ 
ment of the oxygen atoms within the ring, such as occurs when 
glucose passes into galactose, should have so marked an influence on 
the activity of the group associated with the terminal carbon atom. 
Such a result enhances the prolmbility of the conclusion that the 
active system within which the change takes placet is formed by the 
association of acid-water molecules with the oxygon atom in the penta- 
phane ring: in other words, that this oxygon atom is the attractive 
centre. The argument hero made use of renders it desirable that the 
behaviour of the isomeric mannosides towards acids should also bo 
studied, in order that it may be possible eventually to define more or 
less accurately the functions of the different oxygen atoms in the 
molecule. 

Enzyme JrtivUy ,—At present, the experiments have been confined 
to two substances, maltose and a-methyl glucoside, which both undergo 
hydrolysis under the influence of the enzymes contained in ordinary 
yeast maltase. 

Fifty cubic centimetres of a solution containing 5 grammes of a-methyl 
glucoside was mixed with 60 c,c. of a maltase extract prepared from dried 
yeast the mixture was kept at 22“. Samples were withdrawn every 
hour and polarimetrically examined. Considerable difficulty was at 
first experienced in obtaining sufficiently clear solutions for this purpose, 
owing to the impossibility of removing the suspended proteid matter 
by mere filtration; it was eventually discovered that the liquids could 
be defied by means of sodium acetate. The method at present 

• Fi8ch«r, * Her.,* toI, 26* p, 2400 > Jufigitts, * Proc. K, Aksd, Wefeenwh,,* 
AttistercUwn, 1903, vol. 6, p, 99. 

t Ccwnpsw Armstrong and Caldwell, * lUjy. Soc, PxooV ▼ol. 72, p, W56* 

Z ‘ Koy. Soc. Proc.,* vol* 78, p* 6(4. 
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adopted consists in mixing 6 c,c. of water at 100", containing 
0‘6 gramme of sodium acetate, with the 5 c.c. withdrawn, then 
shaking with charcoal and filtering through a double filter* 


Table X. 


Time 
in hours. 

1 

Percentage 
changed » a?. 

1, 100 

K “ log 
i 

1 

• 

mins. 

8-7 

0-0395 

a 

KiO 

0 0394 

a 

i 24*0 

0 *0397 

4 

1 31-3 

" 0 *0407 

5 

1 

37*0 

0 *0401 


To effect a direct comparison of the activity of mnltase towards 
maltose and a-methyl glucoside, the two substances were hydrolysed 
by the same yeast extract under precisely similar conditions. The 
extract used in this case was prepared by digesting 5 gi-ammes of 
dried yeast with 100 c.c. of water at 2T duritig 1 hour. 


Table XI. 


Time 

a-Methyl glucoside. 


Maltose. 

in houw. 

4f, 

1 ■ ^* 

X, 

t 

K. 

1 

mins, 

6*66 

i 0 -0248 

mins. 

21*2 

1 

0 -0:18 

% 

10*6 

t 0‘024l 

.36*0 

0 ‘0960 

8 

14*8 

I 0 *0282 

43*0 

: 0 ‘0814 

4 

18*6 

0 *0222 

49*4 

i 0 0722 

5 

22*2 

1 0 *0218 

63 '6 

j 0 0067 

6 

25 '9 

i 0*0217 

i 

1 68*2 

1 0 *0631 


It will be seen that the maltose was hydrolysed very much more 
quickly than the «^methyl glucoside. In both cases the velocity 
coefficient K diminishes as action proceeds; but to a far greater extent 
in the case of maltose. This difference is obviously due to the 
different influence exercised by the products of change in thfe two 
cases. It is to be remembered that two molecules of glucose are pro¬ 
duced by the hydrolysis of maltose but only one from a-methyl 
glucoside; any retardation, therefore, which glucose can effect should 
be less obvious in the case of the glucoside. 
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On comparing the results recorded in the above tables with those 
given on pp. 190—191, representing the action of acid, it is obvious that 
the enzyme was much more active than the acid. About 40 j)er cent, 
of the glucoside was changed in 5 hours at 22“ by the enzyme; whereas, 
when acid was used, even in so large a proportion as three molecules 
of hydrogen chloride to one of glucoside, the same amount of change 
was effected in only about 20 hours at 75“. As the enzymes are 
undoubtedly of high molecular weight atid the proportion of maltase 
in the yeast extract is certainly small, it would seem to follow that the 
relative molecular activity of the enzyme is very groat compared with 
that of the acid. But, as pointed out in an earlier paper,* inasmuch 
as only a small proportion of the acid is actually active, it is probable 
that the enzyme owes its apparent activity to its greater affinity for 
the sugar and that, in reality, the acid has the greater hydrolytic 
activity. 

On account of the rapid alteration in the values of K, it is difficult 
to make any exact numerical comparison between maltose and methyl 
glucoside. The initial value of K, in the case of the glucoside, may be 
estimated at about 0*025 ; in view of the results previously obtained,! 
which throw considerable light on the behaviour of maltose during the 
early stages of hydrolysis, the corresponding value for this sugar may 
be set at 0*12 or even higher. Comparing these initial rates, it would 
appear that maltose is hydrolysed from five to six times as rapidly as 
a-methyl glucoside, a result of the same order as that deduced in com¬ 
paring the action of chlorhydric acid on the two hexosidos. 

Taldng into account both the superior stability of the methyl 
glucoside and the greater influence exorcised by the products of 
change in the case of maltose, the difference in the behaviour of the 
two compounds on hydrolysis seems to be satisfactorily accounted for. 

• Part 4, loc, oit. 

t * Boj. Boc. Proc.,* vol. 73, p. 508. 
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*■* Studies on Enzyme Action. VI.—The Sucroclastic Action of 
Acids as contrasted with that of Enzymes, Part II.” By 
Edwabd Fkankland Akmstbong, Ph.D., Salters' Company's 
Eesearch Fellow and Eobekt John Caldwell, Cloth workers' 
Scholar, Cliemical Department, City and Guilds of London 
Institute, Central Technical College. Communicated by Pro¬ 
fessor H. E. Akmstbong, F.E.S. Deceived August 26, 1904. 

D 7050. Hydrohjhia of Cane Sugar hy very Dilute Acids, 

In accordance with the theory put forward in our former paper,* it 
was to be expected that on hydrolysing cane sugar with sufficiently 
dilute acids the course of the change would not follow the simple 
logarithmic law but that it would approximate, during the earlier period, 
10 a linear function of the time. This supposition has been confirmed 
by experiments made very carefully to test this point. 

ETjyeTmmtal Method :—In order that hydrolysis should bo about half 
completed in 10 hours by N/600 chlorhydric iicid, it was necessary to 
work at about 40^ At this temperature, when so weak an acid is used, 
the solution does not show any trace of colour even after 4 days, 
which may be regarded as evidence that no decomposition of the 
levulose into acid substancies has occurred. In order to maintain the 
temperature at 40", a stream of water was passed through the jacket 
of the polarimeter tube in which the hydrolysis was carried out. The 
water was taken from the mains at nearly 18" and passed through a 
metal vessel, about 2 litres in capacity, in which it was heated by 
a Bunsen burner to 30". It was then passed through a metal vessel 
holding about 6 litres containing an Ostwald thermoregulator; in 
this the temperature of the water was raised to about 39". The 
final adjustment was performed by a very sensitive Ostwald thermo- 
regulator with fluted sides to make it respond quickly to changes in 
temperature; this was placed in a cylindrical Dewar vacuum vessel, 
which it almost filled. After passing through a thin copper drum 
holding about 160 c.c., the water circulated through the regulator, 
cooling being prevented by the vacuum jacket; the temperature of 
the water in the drum was maintained at 40“ by means of a flame 
controlled by the regulator. This arrangement proved to be eminently 
satisfactory in observing slow rates of change, although the extreme 
variation of the temperature was nearly ± ^^^th of a degree, the 
period of the variations was only 1 minute, so that in experiments 
^extmiding over several hours the temperature variation was of no account. 

• ‘ Boy. Soo. Proc./ vol. 73, p. 626. 



196 Dr. E. F. Armstrong aud Mr. li J. Caldwell. [Ang. 26, 

The strength of the acid selected was N/500 hydrogen chloride; the 
two sugar solutions used contained 171 and 342 grammoB sucrose per 
litre. The polarimeter tul)e had been in use for a considerable time 
with acid solutions. The solutions of sugar and acid were accurately 
measured out from burettes into a small flask into which steam had 
been passed, according to Ostwald’s directions, to free it from alkali. 
The mixture w^as then rapidly filtered into the polarimeter tube. The 
first reading was taken 10 or 16 minutes after mixing, w’hen the 
temperature had attained to that of the thermostat. 

As under these conditions the rotatory power of the solution foil 
quickly, the polarimeter readings had to be taken veiy rapidly, so 
that the possible error in the tabulated values (although amounting to 
only 0*1 per cent.) is about 0*03% making a possible error of 3 units 
in the third column of differences. 

By taking a very large number of points, such minor errors are 
eliminated and when the velocity constant K is calculated according 
to the usual logarithmic law a very steady series of values is 
obtained. 

From Tables —IV it will at oucc be obvious that the value of the 
velocity coefficient K steadily increases during about the first 4 or 
6 hours of the change and then remains constant, the figures obtained 
being in striking contrast with those of Ostwidd and also with those 
give!i later in this paper, Tables VI, VII, for experiments in which 
stronger solution.^ of acid were used; in *all these experiments the 
successive values of K vary up and down on either side of a moan value. 

The fact that the value of K rises is an indication that change 
proceeds faster than the mass-action law requires. On the other hand, 
the figures do not offer definite evidence that the change proceeds at 
a strictly linear rate, although in all cases, especially that recorded in 
Table 11, the approximation to a straight line law during the first 
2^ hours is very close : indeed, if the possible error in the difference be 
taken into account, the first 10 or 15 per cent, of the change is 
practically linear. When the values are plotted on rectangular 
co-ordinates, the curve obtained falls between the straight line and the 
mass-action curve. 

Furthermore, Tables III and IV indicate that the approximately 
linear portion of the change persists the longer the larger the propor¬ 
tion of sugar to acid. 

It is obvious from these results that the analogy between acid and 
enzyme action is complete. In both cases, when the proportion of 
hydrolyst is relatively small the change is at first approximately a 
linear function of the time and subsequently a logarithmic function; 
whilst when a larger proportion of hydrolyst is present, the change is 
from the first a logarithmic function which may become modified by 
secondary causes. The association theory of hydrolysis put forward in 
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Table I. 


Table II. 


Xim«t in 
minutes. 

an* 

Average 
difference 
per 30 
minutes. 

i 

■i 

j 

K. 

i 

i 

j 

Average 
difference 
per 30 : 

miniites- | 

K. 

0 

22 22 



22*12 1 

j 


15 

21*83 


412 

21 -73 


414 

80 

21 ’U) 

82 

437 

21 *35 

77 

411 

45 

21 *00 


437 

20-97 , 


412 

fiO 

20 *08 

81 

430 

20*58 

70 

417 

75 

20*18 

, . 

446 

20 *22 


416 

90 

19-77 

80 

449 

19*82 

77 

422 

105 

19 ‘45 

,, 

438 j 

19 *45 


423 

120 

19 ‘(K) 

80 

440 1, 19 *03 

70 

431 

185 

IS *68 

. • 

4-lS i 

18 -72 


425 

150 

18 -27 

72 

447 

18-87 

09 

425 

166 

17 -92 


440 

18 *00 


427 

180 

17*62 

75 

461 

17-60 

77 

433 

196 

17*18 


449 

17-28 


486 

210 

10*83 

7(i 

450 

i 10*90 

«7 

m 

225 

16 -47 


461 

16 *60 


438 

240 

16 -17 1 

; 08 

448 

16 -27 

66 ! 

! 433 

i 255 

15-78 1 

' 

453 

16 *93 


j 484 

270 

16-48 

73 

454 

: 16 *60 

66 

435 

265 

16 -06 

1 

469 

16 *27 

.. 

437 

800 

. . 

1 

t 

.. 

14 *93 

! 65 

439 

815 

, , 

.. 

. . 

14 *63 

1 

488 

380 

. , 


.. 

i 14 *30 

65 

441 

845 

18 *87 ! 

64 

465 

18 -95 

,, 

444 

860 

18*57 

,, 

454 

, 13 *68 

61 

; 442 

376 

13 *26 

02 

455 

13 *35 

,. 

445 

890 

12*96 


456 

13 *10 

56 

! 443 

406 

12*06 

57 

487 

12 *83 

,, 

' 442 

420 

12 *42 

.. 

464 

12 *63 

68 

j 444 

485 

12*13 

65 

454 

12 -28 

,, 

! 445 

460 

11*85 

., 

463 

i 11 *97 

53 

j 445 

466 

11*68 

54 

455 

11 *73 

,. 

' 448 

480 

11*82 

,. 

455 

11-48 

60 

1 448 

495 

11*07 

52 

454 

l! 11 -28 

,. 

1 443 

610 

10*80 

,, 

455 

j 11 -08 

46 

1 440 

525 

10 *68 

49 

458 

• • 

,, 

1 ^ * 

Complete 

obange 

-6-87 

- 

*• 

j -6-87 

j ** 

1 

1 •• 
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Table III. ■ Table IV. 


Time in 
tninuteii. 

1 “D. 

i 

! Average 
! difference 
per SO 
minntcs. 

! K. 

j 

1 an¬ 
il 

j Arerftge 
} difference 
j per 80 

1 minutes. 

K. 

0 

46 08 



44*68 



10 

46-47 

. • 

428 

44*02 


481 

20 

44*88 

. • 

461 

43*37 


489 

80 

44*20 

.. 

471 

42 *75 


493 

40 

43 02 

185 

468 

42 *20 

183 

487 

50 

42 *97 


478 

41*68 


498 

60 

42 -37 


479 

40*93 


600 

70 

41 *80 

182 

477 

40*30 

186 

506 

80 

41 *37 

.. 

482 

,, 



00 

40 -67 

., 

485 

89*10 


607 

100 

40-07 

176 

488 

88-47 

iM 

512 

110 

39 *45 

. , 

483 

87-87 


618 

120 

88 -86 

»• 

480 

87-88 


516 

130 

88 ‘28 

17B 

487 

36-70 

178 

616 

140 

87 -67 

. . 

491 

86*13 


616 

360 

87 18 


490 

85 *53 


510 

160 

86 -56 

173 

492 

34 *95 

177 

521 

170 

36 03 


491 

34 *33 


625 

180 

35 ‘43 

,. 

495 

33 *78 


626 

190 

34 *93 

167 

494 

88*26 

168 

626 

200 

34 *45 


492 

32-73 

• • 

526 

210 

30 -87 


495 

82*26 

* * 

623 

220 

83 *88 

150 

494 

31-66 

168 

627 

280 

82 -87 

.. 

494 

31*18 


627 

240 

82 *38 

.. 

49i 

30*65 


626 

260 

,, 

152 

•. 

30*13 

164 

627 

260 

81 ‘28 

». 

499 

29 *62 

• « 

628 

270 

80 *80 

.. 

1 409 

29 *08 

• « 

530 

280 

80 ‘38 

154 

j 496 

28*60 

162 

630 

200 

29*87 

. • 

1 498 

28 *15 


529 

800 

29*48 ; 

.. 

' 496 

27 *63 

• • 

630 

810 

28 *83 

144 

602 

27 *22 

142 

628 

820 

28*42 

. * 

600 

26 *72 

• • 

680 

880 

27 *93 

• • 

601 

26 ‘28 


620 

840 

27 *43 

146 

603 

25*83 

188 

529 

360 

26 *97 

.« 

608 

25 *32 

• * 

532 

860 

26*65 

*• 1 

608 

24 *88 

• % 

682 

870 

26*12 

134 

503 

24 *47 

136 

631 

880 

25 ‘65 

.. 

504 

24 *02 


632 

800 

26 -25 

.. 

604 

23 *60 


681 

400 

24 *87 

126 

602 

28 *16 

180 

682 

410 

24*42 

.. 

503 

22 *78 


682 

420 

24*02 


608 

! 22*86 

4 # 

581 

430 

28 *62 

124 

503 




440 

23*17 

• • 

504 



t 

450 

22 *80 

,, 

603 




460 

22 *38 

128 

604 




470 

21 *98 

• # 

506 




480 

21*68 

* , 

«07 




490 

21*13 

123 

607 




600 

20 ‘77 

,, 

607 




610 

20*40 

,, 

607 




520 

20*00 

112 

608 




630 

19 *68 

* « 

606 




640 

19 *27 

• • 

608 




Completa 







ohttnge*. 

-11 *12 


•• 

-10 *79 
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thaso papers gives a very satisfactory explanation of the observed 
phenomena; as before stated^ the differences between acid and enzyme 
action can all bo attributed to the crystalloid nature of the former and 
th^ colloid nature of the latter. 

'tnfluenee of the ProilucU of Change ,—In view of the theoretical impor¬ 
tance of the influence of the products of change,* it appeared deairabto 
to extend our experiments in this direction to cane sugar. Accordingly 
the effect of adding 9 grammes of glucose or fructose to 100 c.c. of 
17*1 per cent, sucrose containing half a gramme molecule of hydrogen 
chloride has been determined in the manner previously described by one 
of us for /J-camphor sulphonic acid at 20'“. 

The results are incorporated in the following tables :— 


Table V. Table VL Table VII, 


Time. 

17 *1 grawitnes iuorose 
per 100 c.c. 

17 *1 grammes sucrose 
per 100 c.c. 

17 '1 grammes sucrose 
+ 9*0 grammes glucose 
per 100 c.c. 

ajy ^ 

t 

ajy 

t ° o—a? 

aj> 

l«*log “ - 

t ^ 

0 

+ 21*66 


+ 21*62 


+ 30-72 


15 

20'40 

[li'SSI 

20*42 

[12-82] 

20 *58 

[10-98] 

dO 

10 *80 

[11*81] 

19*47 

11*23 

28 *87 

12*87 

46 

18*27 

a *70 

18 *48 

11 -14 

27-22 

12 •86 

60 

17 *38 

11*60 

17-48 

11-28 

26 *17 

12*60 

76 

16 *40 

11*44 

16*65 

a *21 

26-26 

12*26 

90 

15*43 

11*66 

16 *68 

11 *46 

24 *26 

12 *84 

106 

14*60 

11*45 

H-70 

a‘37 

28*88 

12*82 

120 

18 *76 

11 *46 

18 *90 

11*29 

22-33 

12 48 

186 

12 *96 

11*44 

18*12 

a *25 

21*46 

12 *66 

160 

12 *10 

11*65 

12*86 

11 *26 

20-87 

12*49 

166 

11*87 

11*61 

11*68 

a *85 

19 *87 

12*61 

160 

, 10*66 

11 *61 

10*87 

11*27 

19 *10 

12 *68 

196 

! 9*98 

a *64 

10*18 

a *84 

18 30 

12 *63 

210 

9*80 

a *49 

9*42 

11*89 

17 *65 

12 *67 

226 

8*62 

a *64 

! 8*90 

a *26 

17 *08 

12 *62 

240 

8*02 

a *62 

8*26 

a *29 

16*42 

12^49 

Complete 

ohaoge 

- 7*18 

.. 

1 

- 7-18 

.. 

+ 2*03 



'Mean.. 

11*62 

1 Mean.. 

i 

11-29 

1 

Mean«. 

18*47 

! 




* Zoc* citf p. SH, 
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Table VIIL Table IX. Table X. 


Time. 

17 ’1 grammes suerose 
+ 9’0 grammes glucose 
per 100 0 . 0 . 

. 

17 *1 grammes sucrose 
+ 9 0 grammes fructose 
per 100 c.c. 

17 *1 grammes sucroee 
+ 9‘0 grammes fructose 
per 100 c.c. 



t a — .r 

ao* 

t ® 


12*108 -« -• 
i a—0? 

0 

+ 30'63 


+ 4*36 


+ 4*24 


16 

20 ‘46 

12-20 

3*18 

12 ‘07 

8*13 

12 *69 

30 

28*26 

12'68 

2 03 

12-22 

1 *97 

12-66 

46 

27 -13 

12 ‘60 

+ 0*95 

12-19 

+ 0-02 

12 *31 

60 

26 *16 

12 *83 

- 0*10 

12*22 

- 0-10 

12-22 

76 

26 -12 

12 *39 

1 -08 

12 -17 

1 TO 

12 -22 

00 

24 *12 

12*46 

2*05 

12‘20 

2*13 

12-87 

105 

23 16 

12 *64 

2-97 

12-20 

3*05 

12*28 

120 

22 *28 

12 *58 

»*86 

12-20 

3*90 

12*29 

135 

21 -33 

12-63 

4*70 

12 -21 

4*82 

12*41 

160 

20*45 

12-74 

5*56 

12*27 

5*65 

12-48 

165 

19*67 

12 *72 

6-.30 

12 23 

6*43 

12-43 

180 

, 19*00 

12 *69 

7*07 1 

1 12 *27 

7 *20 

12*46 

196 

18 -18 

12*73 

7*82 1 

1*2 -32 

7*93 

i 12 *47 

210 

17 *48 

12*73 

8*48 1 

32-28 

8*63 

1 12*48 

226 

i 16 ‘80 

12 -76 

9*07 1 

! 12*20 

9 *26 

12*48 

240 

16*18! 

12*80 

9*77 

1 32-29 

0 *1)8 

12*49 

Complete 

change 

1 

1+ 2*03 

j 

-24*80 

•- 

-24*30 



Mean .. 

12 '69 ! 

! I 

Mean.. 

i 

12 *22 

Mean .. j 

12*38 


Calculating from the equation 

K«Ki [1+0*0131 p] 

given by Arrhenius as that expressing the influence of concentration 
p on the constant of hydrolysis, it follows that in the case of a solution 
containing 17*1 +8*56 grammes of cane sugar per 100 c.b., 

K« 12-45 

The results obtained may thus be summarised— 

Table XL 

Mean value of 


(i) 9*0 grammes glucose. 12*53 

(ii) 9*0 „ fructose .. 12*30 

(iii) 9*0 „ invert sugar (mean of (i) and (ii))... 12*42 

(iv) 8*55 „ cane sugar (calc.) . 12*45 


It will be seen that about the same increase in the value of K is 
produced by equimolecular proportions of glucose and fructoi^ 
whilst the molecidar effect of biose cane-sugar is about twice 
moboular effect of the monose. 
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The acceleration brought about by the addition of augars may be 
attributed to a withdrawal of water by the sugar and the consequent 
increase in the amount of the “ active system,** as pointed out in our 
previous paper. 


‘‘ Studies on Enzyme Action : The Effect of ^ Poisons * on the Hate 
of Decomposition of Hydrogen Peroxide by Hmmase.” liy 
(tKoiuje Sentkr, Ph.D., B.Sc. (IjOikL). Communicated by 
Professor E. H. STAimiNn, F.ILS. Eeceived June 2, 1904. 

Schdnbein* was the first to observe that inost animal and vogetiible 
juices have the property of decomposing hydrogen peroxide into water 
and oxygen, as well ns the power of developing a blue colour iti 
tincture of guaiacimi containing a little hydrogen peroxide. Since 
these properties belonged to all the enzymes then known, e,(j., eiuulsin 
and diastase, Schbnbein regarded them as characteristic of enzymes 
in general, and used them in his numerous investigations as tests for 
the presence of these bodies. 

A good many years afterwards Jacobson,! working with impure 
emulsin and pancreatin, showed that the power of those enzymes to 
cjItalyse hydrogen peroxide could he destroyed without aflectiiigseriously 
the specific ferment action. A year or two ago, Loevvf suggested that 
the power of plant and animal juices to decompose hydrogen peroxide 
is due to an enzyme of very wide distribution, which he has nrtuied 
catalase. According to this view, Jacobson’s impure emulsin contained 
some catidase, which is less resistant against heat than the emulsin, 
and can be rendered inactive without affecting seriously the other 
ferment. 

Since Schonbein’s time, the properties which blood possesses of 
decomjiosing hydrogen peroxide and of giving the guaiacum reaction 
have formed the subject of numerous investigations by Schmidt,§ 
Bergongrun,|| Spitzer,*] Schar,** Cotton,ft Ville and Moitessier,|| and 
others, and this is not surprising when we consider the importance 
of the guaiacum teat for the detection of small amounts of blood. 

Spitzer§§ concluded that the guaiacum reaction and the catalysis 

* * Journ. f. prakt. Chemio,* vol. 89, p. $84 (1868). 
t * Zeit. f. phyiiol, Ohemio,* vol. 16, p. 840 (1892). 

J Loew, Oatabw/* ‘ IT.3. Bopt. of Agrioulture Ecporfc,’ Xo, 68, 1901, 

§ PBttge/s ‘ ArchiT,» vol. 6, p. 413 (1872). 

11 ‘ Inaug. Biwcrtatioii/ Borpat, 1888. 
f F6(ige/« * Arohir,’ vol. 67, p. 615 (1897). 

*Zeit. filr Biologio,' vol. 6, p. 467 (1870)* 
tt Cotton, * Boll. Soo. Ohim.,* vol. 25, p. 265 (1901), 
tX ‘ Bull* Soc. ChiW [8], vol. 27, p» 1008 (1902). 

${ Xtoc,cii, 
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of hydrogen peroxide are due to the same substance, and this has 
been the generally accepted opinion* luitil very recently. Schmidt 
long ago suggested that the catalysis of hydrogen peroxide by blood 
is due to the haemoglobin, and though this view had been combated 
by Robert,! Schar,J and others, no very definite evidence had been 
brought forward on either side. 

Last year the authorg Buccee<ied in preparing from defibrinated 
ox blood a body which energetically decomposes hydrogen peroxide 
and does not give the guaiacum reaction. This body, which has so far 
been obtained only in solution, has been named haemase. 

In the former paper]|^ it has been shown that hsemase rapidly loses 
its activity when heated in dilute aqueous solution to 60''; that in 
moderately dilute hydrogen peroxide solutions hasmase undergoes 
slow oxidation by the peroxide simultaneously with the catalysis of 
the latter, but that in dilute (?i/100) peroxide solutions the latter is 
split up without the catalysor being affected. It has also been shown 
"that in dilute solution the velocity of the decomposition of the 
peroxide is, within fairly wide limits, proportional to the haemaae 
concentration and to the concentration of the hydrogen peroxide. 
Preliminary investigation of the effect of other substances on the 
reaction showed that it is greatly retarded by very small amounts 
of acids and alludis and to a much smaller extent by sodium chloride. 

As regards the nature of the catalysor in question there seems good 
reason to regard it as belonging to that rather indefinite class of 
substances known as enzymes. In the present state of our knowledge 
no good definition of an enzyme can l>e gi^^on. We may regard them 
lis substances formed by living cells which can bo sejmrated from 
the latter without losing their activity, and under whose influence 
certain chemical changes are brought about in a catalytic manner. 
They are soluble in water, precipitated by alcohol, destroyed by 
heating in aqueous solution to 60" or 70", and their activity is often 
greatly influenced by small traces of foreigii bodies. In all respects 
h^mase conforms to the aljove definition. 

Since hcemase (in aqueous solution at 0") is exceedingly stable and 
the velocity measurements are so accurately reproducible on different 
occasions (remarkably so for an enzyme action), the investigation has 
been continued with the hope of throwing some light on the nature 
of the enzyme, and the present communication contains an account of 
the influence of various substances oh the rate of reaction. 

^ Vide Oppenheimer, * Ferment*,’ p. 45. 

f * NaturforAoherveraammUmg Aikohen,* l^Op, quotM by Bredig, ‘ Anorganitehe 
Fermente,* Leipzig, 1901, p. 88. 

J ‘ Skit, fur Biologie,’ toI. 19, p. 880 (1899), , * 

§ ♦ Zeifc* fUr pbyhk. Ohemie,’ toL 44, p, 267 (1908), 
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MeUiod of Measuring the limctim Vehcit^yn 

All the experiments mentioned in the present oomnumication were 
carried out in a thermostat at a temperature of 10'' (constant to 
Ninety cubic centimetres of the very dilute enzyme solution was placed 
in each bottle, 10 c.c. of a solution of the substance whose action was 
to be investigated (respectively 10 c.c. of water in the control experi¬ 
ments) added;; after the lapse of a certain time (period of incubation) 
100 c.c. of approximately a/50 hydrogen peroxide (also at lO**) added, 
and the mixture shaken. From time to time 25 c.c. of the mixture 
were pipetted out, run into sulphuric acid, which stops the action, and 
titrated with w/500 permanganate. 

It may be mentioned that the enzyme solution was so active, com¬ 
pared with the amount of organic matter present, that no appreciable 
error (leas tlvin c.c.) was caused through the reduction of KMnOi 
by organic matter. The hydrogen peroxide used was obUined from 
Merck and was quite pure. 

The enzyme solution was prepared according to the method given 
in my former paper,* and being kept in an ice-box retained its activity 
without appreciable change for several days. 

Nearly all the substances used in the experiments were obtained 
from Kahlbaum, the others were the purest obtainable in London. 

The water' used for dilution was distilled water freed from carbon 
dioxide by the passage of a current of pure air through it for some 
time. 

Effect of Acids m% the Jleuction Mocity, 

la order to show clearly the nature of the results obtained, I give 
here (p. 204) full details of measurements on the effect of HCl, Hi!804> 
and HNOa on the reaction-velocity. In order to economise space, only 
the “ constants ” of subsequent experiments will be given. 

The value of the constant in the control experiment was 0'025t). 
The numbers under Un,o, give the concentration of the H 2 O 2 at the 
time indicated, expressed in cubic centimetres of 1/600 molar KMuO*. 
The constants in the third column are calculated on the assumption 
that the reaction-velocity is proportional to the H 2 O 2 concentration, 

that is, that - —where is the concentration at 

1C 

the time t Integrating, we obtain 0‘4343Ki ~ log where Ci 

h-tx C 2 

end Cs are two successive measurements, and the interval of 
time between them. 

The e^B^of hydrochloric acid, sidphuric acid, nitric acid, ben^pic 
ftuopinic add, and acetic acid, on the rate of reaction has been 
• toe. HU 
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Table 1.—Initial Concentration of H 2 O 2 in the Eeaction Mixture 
approx, w/200. 


i (min.). 

CH^Oa- 

0'4.343K,. 

t (min). 

Cm, 0 ,. 

0-4843K,. 

HOI »/40,000. 

HOI »/ 100 , 000 . 

0 

22-7 


0 

22*7 

— 

8*6 

19 *8 

0-0070 

8 

17 -8 

0-0147 

23 *5 

15*5 

0-0071 

23 

10 *8 

0-0160 

89-6 

11 -8 

0-0074 

88 

6*2 

0*0160 

68*5 

7-4 

0-0070 

63 

8-7 

0 -0160 

HNOs w/40.000. 

HNO 3 «/ 100 , 000 . 

0 

22 *7 

_ 

0 

22-7 

— 

105 

21*2 

0*0003 

41 

19 *1 

0*0018 

225 

19'2 

0*0003 

71 

16 *7 

0*00t9 




180 

12 *6 

0-0020 




260 

7-0 

0 *0021 




405 

3*1 

0*0022 

H 38 O 4 »/40,000. 

HjBO, »/ 100 , 000 . 

0 

22-7 


0 

22-7 


10 

19 -6 

0-0006 

9 

16-7 

0*0148 

2S 

15 1 

0-0074 

24 

9*9 

0 *0161 

40 

11-8 

0*0071 

89 

6-9 

0-0160 

70 

7 1 

0*0078 

64 

8*6 

0-0160 

130 

2-8 

0*0088 



— 


investigated. Results for the first three acids have been given above; 
the following are the results obtained for the other three, with the 
ninnbers for HCl, obtained at the same time, for the sake of com¬ 
parison :— 

Table IL 


Concentration of acid. 

Concentration of H-ioue. 

OonatanU. 

Acid, hydrochloric, 7i/10,000 

n/10,000 

0*0016 

„ „ »/20,000 

n/20,000 

0*0034 

„ benzoic, n/4,000 . 

n/l 1,000 

0*0019 

>) ,, 7t/10,000. 

«/19,000 

0*0033 

„ ,, nl25,000 . 

«/37,000 

0*0078 

n succinic, «/10,000. 

n/18,200 

0*0029 

w^26|000. . *... 

»/36,000 

0*0070 

„ acetic, ?i/l,333. 

n/10,000 

0*0041 

>» 5 » fl'/ 2,666 ......... 

n/l 3,000 

0*0049 

Control experiment . 

0 

0*0300 


the tables, it will be seen that, while HOI and HfB 04 f which 
are completely dissociated under the coxuiitions of 
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exactly the same retardation, bonaSoic, succinic, and acetic acids, which 
are only partly dissociated, have considerably less effect in equivalent 
concentration j when, however, the concentration in hydrogen ions is 
calculated (sec second column), HCl, H 2 SO 4 , benzoic acid and succinic 
acid have exactly the same retarding effect, that is, the retardation is 
proportional to the hydrogen ion concentration. Nitric acid is more, 
and acetic acid less, poisonous than would be expected from the 
hydrogen ions present, and it is natural, in these two cases, to suggest 
that the negative ions exert an influence. This has been shown to be 
the case, as will bo mentioned more fully later. While the Cl and SO4 
ions exert comparatively little influence, potassium nitrate slows down 
the action to nbout tho same extent as nitric acid itself. On the other 
hand, sodium acetate has more accelerating influence on the reaction 
than any other substance that has been tried. 

I may here mention that, although from considerations of space 
only One series of results has boen given, three series of measurements 
have been carried out at different times with different enzyme prepara¬ 
tions, and exactly corresponding results obtained, so that the figures 
quoted may be accepted as reliable. 

Another interesting point about tho behaviour of acids is that the 
time during which the acid remains in contact with the enzyme before 
the H;i 02 is added has no influence on the result; tho ecpnlibriimi is 
attained within 5 minutes, and remains unaltered at tho end of 2 or 
3 hours. The change is not a permanent one, since if the acid, after 
an incubation period of 2 hours, be neutralised before tho addition of 
the H 2 O 2 , the action proceeds with its original velocity. 

Kahlenberg* and his assistants have made a systematic investigation 
of the toxic action of acids on small plants and on fishes, with the 
object of finding whether the electrolytic dissociation theory is capable 
of explaining the results. They find that the toxic effect is in the first 
instance proportional to the hydrogen ion concentration, though there 
are often secondary effects due to the other ions, and in all probability 
to undissociatod molecules. Similar results have been obtained with 
seedlings by Cameron and Breazeale.t 
Fembachj; and others have made systematic investigations of the 
effect of acids on, enzyme actions. Fenibach gives a table containing 
the amoxmts of different acids just sufficient to inhibit the action of 
invertase on sugar, and from his numbers, and the dissociation constants 
of the respective acids given by Ostwald, I have calculated the hydrogen 
ion concentrations of the solutions in question; the results are given 
below:— 

* Kshleaberg and * Joum, pby#. Ohei».,* rol. 4, p. 5SS (1900) j Kahlon- 

betf and Mebl, citj toI. 6, p. 118 (1901), 
f * JToum. phys. Obem./ vol. 8, p, 1 (1904). 

i IWs, 1890, quoted by Sffroni, ' Euiymes/ English Edit., 1908, p. 09# 
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Table III, 

Hydrogen 

Acidfl. Inhibiting quantity. ion oonoenfcration. 

Sulphuric acid. 1/246 normal solution. 1/246 normal. 

Tartaric „ . 1/75 „ 1/280 „ 

Oxalic „ . 1/630 „ 1/1000 „ 

Succinic „ . 1/30 „ 1/700 „ 

Lactic . 1/9 „ 1/266 „ 

Acetic „ . 5/6 „ 1/266 ,, 


It is clear that in this case, also, the reUirding effect is, in the first 
instance, proportional to the chemical activity of the acid, though 
oxalic and succinic acids have a greater toxic action than M^ould bo 
expected. 

Effect of Alkali upon the Iteactim. 

The influence of sodium hydroxide upon the reaction has been 
determined. It has been found that the velocity is not very appreciably 
influenced by solutions weiiker than 1/2000 normal, but that in stronger 
solutions a retardation of the velocity is brought about. The retarda¬ 
tion, unlike that caused by acids, depends upon the period of incubation, 
but the change is not a permanent one, since on neutralisation the 
original velocity is regained. Details are given in my former paper.* 

Effect of Nmtral Salts, 

Numerous investigations of the influence of neutral salts on enzyme 
action have been carried out, but little of a getieral character can be 
deduced from the results. Dilute solutions have often a slightly 
accelerating action, which passes into a retardation in more concentrated 
solutions, 

I have investigated the influence of halogens of the alkalis and 
alkaline earths, of the alkali sulphates, and of sodium acetate and 
carbonate. Only the halogen compounds exert a considerable retarda¬ 
tion ; the effects due to the others seem to be more of a secondary 
nature. 

Some typical results are given below :— 


Table IV. 

OonRtauta. , OonstanU. 

latbium ohlando, m/400 .... 0 *0059 Ammonium bromide, m/2000., 0 *0106 

Sodium chloride, fnJ4O0 ..... 0 *0055 Barium cliloride, m/200. 0 *0062 

„ „ m/800 . 0*0068 „ „ m/400. 0 0080 

Potaeaiura cHorido, m/400 .. 0 *0057 Strontium ohloridc, m/200.... 0 *0066 

„ „ m/800 .. 0*0095 „ „ m/400.,.. 0*(X>90 

Ammonium chloride, m/400., 0 *0068 Calcium chloride, m/200. 0 '0061 

„ » m/800,. 0*0094 „ „ m/406. 0*0084 

Potassium bromide, m/800 .. 0 ‘0<j 76 Sodium duoride, m/400 0 *0170 

„ „ m/2000.. 0-0128 „ m/800....,, 0*0248 

Ammonium bromide, m/SOO,. Q *0074 Control experiment 0 *0280 


* Senter* foe. ciL, p. 801. 
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Owing to the direct oxidising action of H 3 O 2 upon the iodides, it has 
been found impossible to complete the series by making measurements 
with corresponding solutions of these compounds. This point Hill be 
again referred to under the experiments dealing with iodine. 

From the results given above it is evident that the retarding effect 
due to the halogen compounds is due to the halogen ion alone, since 
it is quite independent of the other ion present. It may be mentioned 
in this connection that according to Bredig* the catalysis of hydrogen 
^ peroxide by colloidal platinum is retarded by KOI and NH4CI, though 
not appreciably so by other neutral salts. 

The results with sodium fluoride are pirticularly interostiug, since it 
has long boon regarded as a poison for micro-organisms, but without 
effect on enzymes.t According to ravy,^ however, it has a slightly 
deleterious action on enzymes, and this is quite borne out by the results 
given above. 

AlMi Snlp^tates .—Experiments wore carried out with potassium, 
sodium, and ammonium sulphates, in concent rations varying from 
ya/SO to ra/400. The results are as follows :— 

Table V. 


Salt usoil. 

Ctjnstants. 

Salt used. 

(i/onstants. 

K 3 SO 4 , m/50. 

. 0 *0265 

lSfa;fS 04 , m/50. 

.0*0360 

„ w /200 . 

. 0-0236 

„ w /200 . 

. .. 0 *0308 

„ m/400. 

. 0*0245 

,, m/'lOO. 

.. 0*0288 

(NHdsSCb, w/60... 

. 0-0280 

Control exiwrimontj 

no 

„ w/ 200 .. 

. 0 *0200 

salt present. 

.0*0288 

„ m/400,. 

. 0-0260 




From the results given it is evident that, while K 2 SO 4 and (NH 4 )^B 04 
exert a slight retarding action, NuaSO^ in m/50 solution has a con¬ 
siderable accelerating effect, which practically disappears in Wi/400 
solution. As having a possible connection with this result it may be 
recalled that, of the three sulphates, only the sodium salt crystallises 
with water (10 molecules). 

Sodium Acetate and Sodium Carlmiate .—The results are as follows :— 

Table VI, 

Sftlt u«ed. Constants. Salt used. Constant*. 

Sodium acetate, m /100 . 0*0272 Sodium acetate, w »/1000 ,,., 0 *0845 

„ „ «i/200 . 0-0270 „ „ fa/2000,,.. 0*0840 

„ „ m/400 . 0*0280 Control exiwriment. 0*0260 

Control experiment . 0 *0180 

S&lt used. Oonstouts. 

Sodium carbonate, mj40 . 0 *0070 

„ „ m/80. 0 0135 

„ m/200,.., 0*0194 

Control experiment. 0 *0180 

* Bre^, * Anorg. Fermente/p. 84. 
t Oppenheimer, loe* eit., p. 41, 
i Bary, * donm. of Physiology,* tol. 22, p. 891 (1898). 
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Quite an appreciable acceleration is caused by sodium acetate, and its 
amount seems, curiously enough, to be almost independent of the salt 
concentration. It has been found that neither sodium acetate nor 
sodiixm sulphate appreciably catalyse hydrogen peroxide in the con¬ 
centrations employed, 

UJecJ of Alkali Salts with Oxulising Properties, 

In my former paper,experiments with KClOg and KNO3 are 
described, and it was shown that these salts at 0% even in 1/80,000 molar 
solution, exert a powerful depressing effect on the action, the constants 
at the same time decreasing as if the enzyme wore being gradually 
oxidised. There seems, however, to be a depressing effect independent 
of the oxidation since, with the weaker solutions, there is a considerable 
decrease in the velocity, though the constants do not appreciably 
decrease during the action. This is also evident from the experiment 
with nitric acid quoted on p. 204. 

Experiments have now been carried out with potassium perchlorate 
and potassium persulphate, an ex{>eriment with KClOg being made at 
the same time for the sake of comparison. 

Table VII. 

Salt used. Constant#. Suit used. 

KCIO4, f»/50,000. 0 *0039 KSO4, w/200. 

„ w/100,000 . 0-0070 „ w/400 .... 

„ fn/250,000. 0 *0133 Control orperiment 

KOlOj, «i/l,000,000.. 0 '0054—0*0024 

It is interesting to note that the constants do not decrease during 
the action with potassium perchlorate and potassium persulphate, so 
that the enzyme is not being appreciably oxidised; there is, on the 
other hand, a marked decrease with potassium chlorate, from 0'0064 
—0-0024 in the course of 3 hours. 

The results with potassium chlorate are interesting since this salt is 
a blood-poison, owing to its power of converting haemoglobin into 
methaemoglobin. According to preliminary experiments by Professors 
Robert and Schar,t potassium chlorate does not greatly retard the 
catalysis of hydrogen peroxide by blood; that this view is erroneous is 
evident from the results here given. 

Potassium chlorate is not very poisonous towards the lower 
organisms, t 


Constants. 
0*0076 
0 *0187 
0*0800 


* Senter, ci^., p. 804 
t Quoted by Bre^g, toe, eit.^ pp« 81 and 86 
} lioew, ‘ Die Oiltwii^Ungen/ p. 17. 
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Ejlfed of mm llcdnmyj Agents on the IleacMon. 

Measurerneiits have been made with phenylhydrazino acetate, hydro- 
xylamine hydrochloride, sulphuretted hydrogen, and formaldehyde, the 
results with the two former being interesting from their known 
property of combining with aldehyde and ketone groups. 

Sulphuretted Hydrogen .—This body proved to be quite remarkaldy 
poisonous to the action, a solution containing 1/2,500,000 gramme-raol. 
reducing the rate to a half. The poisonous effect also depends greatly 
upon the period of incubation, the longer the incubation the greater 
the retardation. The constants also increase considerably during the 
action; this phenomenon is very likely due to the gradual oxidation of 
the HjS by the 

The numerical results are appended: — 

Table VIIL 


8ub8t4uico ugod uiid coueentratiuu. 

Time 

of incubation. 

Constants. 

Bulphuretted hydrogen, w^/500,000. 

... 10 mins. 

00062—0-0086 


wi/DOO.OOO .... 

... 90 „ 

0-0018—0-0076 

j» .1 

'«</!, 000,000 .. 

... 10 „ 

0-0073—0-0080 


»i/l,000,000 .. 

... 90 „ 

0-0026—0-0080 

?> M 

))(/2,500,000 ... 

... 10 

0-0076—0-0100 

»> Jt 

w/2,500,000 ... 

... 90 „ 

0-0054—0-0098 

Without sulphuretted hydrogen . 

— 

0-0190 


It was observed by Faraday that platinum no longer brought about 
combination in detonating gas containing a little H 2 S, and Bredig has 
shown that this gas is remarkably poisonous to the catalysis of H 2 O 2 
by colloidal platinum,* 

Sulphuretted hydrogen has a slightly poisonous action on the lower 
organisms, but is a very energetic blood-poison, probably acting on the 
hssmoglobin, which it changes into a compound containing siilphur.t 
Hydrmjfhmine ,—This Ix^ly has a considerably retarding effect, the 
constants decreasing slightly during the action. 


Table IX. 

Salt used. Constants. 

Hydroxylamine hydrochl(Mide, 91 / 20,000 ... 0*0008—0*0005 
„ ^ „ ^40,000 ... 0*0047—0-0041 

Without hydroxylamiiie. 0*0180 


Part of the hydrochloric acid remains uncorabinod and exerts a 
retarding action, but this is very small in so dilute a solution, and 
nakrly the whole retardation is due to the hydroxylamine. 

• Bredig, fee. ctV., p. 66. 

^ t 3U>ew, toe, city p, 66. 
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Pheriylkydrazine acetate does not retard the action quite so 
strongly as hydroxylamine; the constants decrease considerably during 


the action:— 

Table X. 

Siib»taiioe used. Constants. 

Phenylhydraadno acetate, m/5,000. 0* * * § 0040—0*0010 

„ „ 'm/10,000 . 0*0061—0*0025 

„ „ m/20,000 . 0*0093—0*0041 


As in the former case, the free acid present retards the action, but 
only to a small extent. 

Both hydroxylamine and phenylhydrazine are exceedingly poisonous 
to the lower organisms, much less so to the higher animals.* They both 
retard the catalysis of hydrogen peroxide by platinum to a considerable 
extent, t Very few observations of their effect on enzymes have t>eon 
made. 

Fm'makiehyde .—As is well known, this substance is very poisonous 
for the lower organisms, and is now largely used as an antiseptic. 

According to EffVont,J very minute amounts slow down the 
hydrolysis of starch by diastase, on the other hand, it has little 
influence on the activity of rennet.§ From the results given it is 
clear that formaldehyde only slightly affects the activity of hoenuise:— 


Table XL 

Confitants. 


Formaldehyde, m/1000 . 0*0300 

„ m/2000 0*0337 

Without formaldehyde . 0*0372 


It may be mentioned that hydrogen peroxide does not appreciably 
oxidise formaldehyde in the dilution used in these experiments. 

Effect of Mercunc Salts on the Ueadion, 

Experiments have been carried out with mercuric chloride, bromide, 
and cyanide. The two former have an exceedingly toxic effect, while 
the latter has very little action :— 


Table XII. 

8 alt uwd. Constanta. Salt uaed. Constanta, 

ITgCls, «i/260,000... 0 *0020-0 *0004 HgBrj, w/SO,000 ... 0*0040-0*0009 

„ m/SOO.OOO... 0*0083-0*0006 „ «/200,000,. 0 *0078-4) *0082 

w/1,000,000 0*0052—0*0018 Hg(CN)*, m/400,... 0*0164 

„ m/2,000,000 0-0008—0*0064 m/800.... 0*0218 

BgBrs, m/40,000.... 0 *0026—0 *0018 

Control experiment without morouric salt ....; % 0 *0260 


* Loew, loe, cit,y pp. 89, a< 

t Brodig, /oc. c«., p, 78. 

X Kffront, * p. Il7. 

§ Oppenheium, /oo, p. 114. 
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MercTiric salts are energetic poisons for both higher and lower 
organisms,* Paul and Krbnigf have shown that the poisonous 
action on bacteria diminishes from the chloride through the bromide 
io the cyanide, and it is known that the electrolytic dissociation 
decreases ip the same order. 

Mercuric chloride in the amount of one-millionth paralyses the 
action of diastase on atarchj and, according to Brodig,§ is a verj' 
active poison for the platinum catalysis of h 3 *(lrogen peroxide. 

From the quantitative measurementa given above it is clear that 
mercuric chloride is about five times as toxic as mercuric bromide towanls 
the hmmase catalysis,|| and at Icfist 20,000 times as toxic as mercuric 
cyanide. 


Effect of some other Poisons on the PeacMon. 

Carbon monaxide ,—As is well known, carbon monoxide is very 
poisonous towards the higher animals on account of its property' 
of forming a stable compound with the haitnoglobin of the bloocl. 
It was therefore a matter of interest to investigate its effect on the 
enisyme-catalysis of hydrogen peroxide, since the enzyme used is got 
from blood. 

In order to get as much of the gas as possible dissolved, measure¬ 
ments were carried out at 0*; the gas was passed through a dilute 
solution of the enzyme in a l>ottle for 4 minutes, then, without stopping 
the current, the hjnirogen peroxide was added and the stopper inserted, 
the bottle being thus filled with an atmosphere of the gas. 

It was found that the gas exerte<l no appreciable poisoning effect ; 
the constant in the presence of CO was 0*0085, and in its absence 
0’0090, an agreement with the limit of experimental error. 

Carbon monoxide is not poisonous towards the germination of seeds,II 
nor towards bacteria accorfling to Buchner,** it does not affect the 
fermentation of sugar by zymase. It retards the catalysis of hydrogen 
peroxide by colloidal platinum.ft 

Iodi?ie, —Iodine, as well as bromine and chlorine, are poisonous for 
all living matter, and Bredig,§§ in his interesting experiments on the 

* toew, * Pie Giftwirkungen/ p. 86» 
t f. phyrik. Chemio/ rol. 21, p. 414 (1896). 
t Ejffront, loc. c«Y., p, 116. ^ 

§ Bredig, loo. eit^ p. 81. 

II XTp to tbe present the extent to which solutions of mercurio bromide nr© 
liydrolysed is not known, so that the relalite ion concentrations of these solutioiitf 
cannot bo calculated, vide Luther, ‘ Zeit. phys. Chem./rol. 47, p. 107 (1904). 
it Loew, loo. eit.t p. 108. 

SeeIkeda, ‘ZeU. pbysik. Ch«mie,» rol. 87, p. 26 (1901). 
tt Bmdig, toe, eitf p. 78. 

it Loew, loe. eit,^ P-1®*, >. . 

If Bwdig, foe. ©if., p. 74 . . . * t 
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platinum catalysis of hydrogen peroxide^ found that the first-mentioned 
substance, even in a dilution of 1 grarnme-niol. in 7,OCM),000 litres, 
reduces the rate of reaction to half its original value. 

I have used in my experiments iodine dissolved in water and also in 
aqueous solution of potassium iodide. The results are :— 

Talde XTIT. 


^lubstance uacd. Constants. 

Iodine dissolved in water, ni/4:000 . 0'0116—0*0160 

„ „ „ '/a/8000. 0*0168—0*0190 

Iodine, ////40,000, potassium iodide, w/l 0,000 ... 0*0070 

Control experiment without iodine .. 0*0185 


The interesting result is thus obtained that an aqueous solution of 
iodine exerts only a very slight poisonous action on the enzyme, while 
a solution in potassium iodide, which contains the iodine in the form of 
Ijj ions, is distinctly poisonous, though very far Ixihind what Bredig 
found for the platinum catalysis. Exj>eriments carried out with 
potassium iodide in 1 / 10,000 molar solution show that the poisonous 
effect does not depend upon its presence, since the action was, if 
anything, accelerated under these conditions. It was observed, how¬ 
ever, that the colour of the iodine solution ])artly di 8 appeare<l on 
treatment with H 2 O 0 , so that some chemical change ha{l evidently taken 
place. 

Articniom Oxide .—This body is a deadly poison for higher and lower 
organisms,* but has been found by various investigators to have only 
a slightly poisonous effect upon enzymes.t This is fully confirmed by 
the results here given ;— 

Table XIV. 


Substance lined. Constants. 

As,Os, w /2000 . 0*0224 

„ 'm/4000..... 0*0213 

Without AS 2 O 3 . 0*0214 


From the total numl/er of culiic centimetres of permanganate used, the 
amount used up by the As.^Os was subtracted. 

The oxidation of the As^Os by hydrogen peroxide is very slow in the 
dilution here employed, and it was found that this oxidation is not 
in the least accelerated by the simultaneous decomposition of the 
hydrogen peroxide. 

Dimmitm of the IkmlU, 

The Mechanmti of the Catahjm hy Hmoum, —Before discussing 
generally the results obtained with poisons, the meohanism of the 

* lioew, ikws. p. 19. 

t XobeH^ lee, eit^ p. 153, Buohnor,' Berichte,* vah 31, p. 3675* 
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catalysis of hydrogen peroxide by h«mase jnay be briefly considered. 
In this connection it ninat, in the first place, be t^iken into consideration 
that we are dealiiig with a heterogeneous reaction, since the hfienaase is, 
in all probability, present in the solution in a colloidal state. According 
to our present views, such solutions form a two-phase system, the 
colloid being susfionded in the liquid in a very fine state of division. 

It has recently been insisted upon, more particularly by Nernst,^ 
that we are not entitled to apply the equations governing reaction 
velocity in homogeneous systems to heterogeneous systems. 

According to Nernst there is always equilibrium at the boundaiy 
surface between two phases, and the changes which take time arc (1) 
chemical actions in the two phases, and (2) diffusion of substances to 
and from the boundary. Examples of the first type, in which the 
reaction velocity in one of the two phases is slow compared with the 
rate of diffusion, are given h\ the paper quoted; reactions of the 
secoiid type, in which the velocity of diffusion determines the rate of 
action, have been experknentally investigated by Brunner, t 

It may be taken as proved that the rate of solution of marble in 
acids is conditioned by a diffusion process, and the same is true of 
the rate of combination of hydrogen and oxygon in contact with a 
platinum surface. One criterion for the dependence of a reaction 
velocity upon diffusion is the effect pro<luccd by stirring the solution— 
this shortens the diffusion path, and thus increases the speed of 
reaction. 

Nernst} is also of opinion that the same explanation holds for the 
decomposition of hydrogen peroxide by colloidal platinum—that the 
actual decomposition is very rapitl compared with the diffusion of the 
peroxide to the surface of the catalysor. 

We will now inquire whether the catalysis of hydrogen peroxide l>y 
hffjmase can be represented in a similar way. Since the particles of 
a colloidal solution are in a continual state of motion, wo may assume 
that stirring would not appreciably affect the reaction velocity. We 
may imagine that each particle of colloid has adhering to it a layer of 
liquid; that the rate of decomposition of the peroxide by the enzyme 
is very great, and that the concentration outside the adberijig layer is 
kept constant by the motion of the colloidal particles. The rate of 
decomposition of the peroxide would then be determined by the rate 
of its diffusion through the adhering film, and, since the rate of 
diffusion is proportional to the difference of concentration oti the two 
sides of the film, a simple explanation would be given of the observed 
fact that the reaction velocity is proportional to the concentration of 
the peroxide. Some support is given to this view by the fact that the 

• ITeniBt, * Zeit. phywk. Chemi®,’ vol. 47, p. 63 (1004), 
t Bymmer, ‘ Zeit. phy«ik. Chsmie,* vol. 47, p. 66 (1904). 
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tomperftture coefficient of the hcDniase catalysis for lO"" is 1*6, which 
agrees with that found by Brunner for the velocity of solution of 
benzoic acid in water, but is much smaller than the average for 
reactions in a homogeneous system.* 

I have previously shown that while the reaction velocity in very 
dilute solutions is proportional to the hydrogen-peroxide concentration, 
in stronger solutions deviations occur,! which can be summed up by 
sayitig that the reaction proceeds more rapidly in the relatively more 
dilute peroxide solutions. On the diffusion h 3 ri>othe 8 is this can be 
simply explained on the assumption that the diffusion process is more 
disturbed in strong solutions by the oxygen given off from the surface 
of the particles. 

While the above hypothesis affords a simple explanation of all the 
facts in the heemase catalysis, it by no means follows that it can be 
extended to en/yme actions in general. The assumption made is that 
the reaction at the surface is much quicker than the diffusion changes 
concerned, and, while this is so in the dissolving of magnesia by acids, 
and, in all probability, in the catalysis of hydrogen peroxide byhe&mase 
and by platinum, it may not be so in reactions between enzymes and 
more complicated substances. J 

As regards the catalysis itself, it may be said with certainty that it 
is not due to the largo surface area of the colloid particles acting 
mechanically on the peroxide, since many colloidal solutions have no 
catalytic effect whatever. It may be due to the formation of a 
chemical compound between the peroxide and the enzyme, which, 
l>eing unstable, breaks down into water, oxygen, and the enzyme, or 
the compound may enter into double decomposition with another 
molecule of the peroxide.§ Two observations which I have made may 
contribute something to the elucidation of these changes. As mentioned 
on p. 212 oxidations are not accelerated during the catalysis, so that 

• Holf, * VorleBungon,* Tol, 1, p. 22G. 

+ Senior, loo. oil,, p. 286, 

J Sinoo this jmper wiis written my attention has been dniym to a j>aper by 
Heriog (‘ Zoit, filr pliyaiolog. Chemie/ vol. 41, p. 416 (1904).), in which the attempt 
is made to apply Nomst’s diffusion hypothesis to all enxyme actions. Without 
further investigation it is impossible to pronounce a definite opinion on the matter, 
and Herrog'e re-caloulations of Henri's results scarcely serve to prove the truth of 
his premises. Having regard to the results of Henri Lois OM^rales do T Action doa 
Diastases,* Paris, 190S), A. J, Brown (‘Joum. Chem. Soc.,* vol. 81, p. 893, 1902), 
and others, and to the temperature ooofficieui of enzyme actions os determined by 
0*SulHTHn and Tompson (‘Joum. Ohem. Soo./ vol. 69, Part I, p. 884 (1899)), md 
Mailer-Thurgan (* Thiels Wiitschaftliohe Jahxbuoh,* 1885, p, 706), it seems not 
unlikely that the relntivs parts played by diffusion and by the actual ohemioal 
change in determining the reaotiou velocity depend upcm the conditions ol 
experiment. 

I Compare Kastle an^ Loevenhort, * Am. Ch. J./ vol. 29, pp. 397 and 699 
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apparently no strongly oxidising intermediate peroxides are formed,^ 
nor is ** active ” oxygen evolved. It was also found that the action 
has exactly the same initial velocity whether the solutions be ca)*efully 
freed from dissolved oxygon by a current of hydrogen, or whether, as 
usual, a little of the former gas be present. 

The Action of Poiaom. —The question as to the mechanism of the 
action of “ poisons ” on the hosmase catalysis of hydrogen peroxide may 
now be considered. If the enzyme exists as a colloid in solution several 
explanations t seem possible:— 

(a) Part of the enzyme may be rendered inactive by forming a 
chemical compound with the poisoti. 

{b) Part of the surface of the particles may become covered with a 
thin layer of the poison ()r one of its decomposition products, thus 
preventing further action on the peroxide. 

(c). The relation of the particles to the surrounding medium may be 
altered in various ways (change of surface tension, alteration of 
relative difference of potential, &c.) through addition of a poison. 

Doubtless other exjdanations may be suggested. It is also exc^d- 
ingly probable that all poisons do not act in the same way. 

In this connection it may be noted that, according to Kastle and 
Loevenhart, the retarding effect of poisons on the catalysis of HaOt) 
by metals and other inorganic catalysors is due in most cases to 
formation of an insoluble film (compound between poison and oatalysor) 
on the surface of the catalysor. 

The action of acids and alkalies on the htemase catalysis is of parti¬ 
cular interest, since it has been shown, more especially by Hardy, f 
that minute traces of these bodies affect profoundly the relation 
between the colloidal particles and the surrounding medium. According 
to Linder and Pictoii,§ Hardy,1| and others, the effect of acids in 
precipitating colloids is proportional to their electrical conductivity, 
ie., to the hydrogen ion concentration, but this is probably not 
conneotod with the similar effect on the hsemase catalysis because the 
former action is irreversible, whereas I have shown that the latter is 
reversible. It cannot be said that any very satisfactory explanation 
the effect of acids, alkalies, and other electrolytes on colloids has 
y«t been given4| 

With regard to the reaction under consideration I am inclined, m 
most oases, to favour a chemical explanation of the toxic effect. Acids, 

^ Or, if formed, thair velooitj of deoompoeiUon, either of themeeWee or in 
^taet with hydrogen peroxide, is much greater than the reaction valoeity 
them and eucli a reducing aubetanoe ae arsenioua oxide. 
f (hanpore Bredig, foe. cif., p. 86. 
t * Boy. Soc. Proo.,' toI. 66, p. 110 (189&—1900). 

I tdndar amVPieton, * Joum. Ohem. Soo,/ vol. 67, p. 66 (1895). 

TO* E»«dy, toe. cit,, p. 1S4| Bredig, foe. off., pp. 9—22; Proundlicli, * 
tol 44, p. 129 (1908). 
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for example, may form with the enz 3 rme compounda which are inactive 
towards hydrogen peroxide. If the affinity between hsemase and the 
acid is small, in other words, if the enzyme acts as a weak base, the 
amount combined, and consequently the retardation will be propor¬ 
tional to the strength of the acid. We have already seen that 
hsemaso and moat other enzymes are rendered inactive by small 
quantities of alkali, and that they regain their activity on the solution 
being neutralised. These facts seem to lend some support to a 
suggestion I have alrea<ly made on a former occasion,that at least 
some enzymes belong to the class of amphoteric substances which are, 
under ordinary circumstances, neutral, but in the presence of bases 
develop acid properties and can combine with acids to form salts. 
Within the last few years it has been shown that many albuminous 
substances are amphoteric. 

The slight retardation caused by most neutral alkali salts is due, in 
all probability, to increased viscosity of the solution. This cannot 
apply, however, to the considerable toxic effect of the chlorine and 
bromine ions and, since a similar retardation of the platinum catalysis 
has been observed, it may be due to some action between the hydrogen 
peroxide and halogen salts. Kastle and Loevenbartt regard the 
retardation of the platinum catalysis as due to the formation of surface 
films of the insoluble platiuous halides. 

The retarding influence exerted on the action by oxidising agents 
is very remarkable. It is not due to oxidation of the enzyme in moat 
ofises, as is clear from the fact that the constants do not decrease during 
the action in preseiice of potassium perchlorate and nitric aci^. On the 
other hand, potassium chlorate in exceedingly dilute solution seems to 
oxidise the enzyme, and since the neutral salt itself has very weak 
oxidising properties, its activity in this case must be due to the presence 
of the peroxide. That it is due to chloric acid set free by the hydrogen 
peroxide, acting as an acid, is scarcely likely, since the acidic properties 
of the latter are very weak. In this connection it is interesting to 
note that potassium persulphate has very little effect on the action, 
whereas persulphuric acid has a high oxidation potential. 

The great retardation caused by some reducing agents, such as 
sulphuretted hydrogen and hydroxylamine, is also rather difficult to 
account for. BredigJ suggests that the poisonous effect of the former 
on the platinum catalysis is due to the deposition of sulphur on the 
surface of the platinum, whereas Kastle and Loevenhart regard it as 
being due to formation of a surface film of platinum sulphide. Neither 
of these explanations seems to apply to the effect on the bsemase catalysis, 
since I have observed that the constants increase considerably during 

♦ ioo. oii,, p. 301. 

t cit, 

J Xoe. p, 87. 
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the action (p, 2C9). It seenis much more probable that the HjjS renders 
the enzyme inactive, perhaps by forming a loose compound with it, 
and that the gradual incieaso'^of the constants is due to recovery of the 
enzyme owing to oxidation of the poison. The toxic action of 
mercuric salts, and of hydrocyanic acid, seems most simply explicable 
on the theory of formation of loose compounds between them and the 
enzyme. 

Summary of Jlcaultfi. 

J. Quantitative measurements have been made of the effect of various 
substances on the rate of decomposition of hydrogen peroxide by 
hsimase, an enz 3 ^c obtained from blood. 

2. The proba])le mechanism of the catalysis in question has l)een dis¬ 
cussed, and reasons have been given for supposing that what is actually 
measured is the rate of diffusion of hydrogen peroxide to the enzyme. 

3. The ways in which “ poisons may exert their effect on the 
action have been dist'ussod, and reasons have been given fot‘ preferring, 
in some cases, a chemical explanation of the ol>8erved facts. 

^ 4. From the results obtained with acids and alkalis, as well as fi oin the 
results of other oliserrers, it has been concluded that at least some 
enzymes are amphoteric substances, ie., substances which are neutral 
in aqueous solution hut can combine both )|ith acids and with bases to 
form salts. » 

I have much pleasure in thanking Dr. Charles A. Kohn for the 
facilities ho has kindly allowed me for carrying on my work. 


foi* imv. 


B 
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** On certain Properties of the AllbyB of Silver and Cadmium.’ 
By T. Kirkk Eosk, D.Sc. Communicated by C. T. Hkycock, 
F.E.S, Keceived February 9,—Read February 11, 1904. 

[PXAT* 10.] 

It has long been known that an alloy of silver and copper is not a 
satisfactory material for the trial plates which are used in testing the 
fineness of the Imperial silver coin and of silver wares before they are 
hall-marked. As long ago as the year 1580 the lack of homogeneity 
of silver-copper alloys was well known to the German metallurgists/ 
and in 1852 Levol concludedt that the only uniform alloy of the 
series contained 718’93 parts of silver and 281-07 parts of copper, 
a composition which corresponds to the formula AguCuu. In 1875 
Roberts-Austen, as the result of very carefull}^ conducted experi¬ 
ments/ found that under the most favourable circumstances the 
difference in composition between the centre and corners of a small 
ingot amounted to 1*2 parts per 1000, and was generally much 
greater. In 1899 when further attempts were made to prepare ingots 
of silver and copper of uniform composition,§ similar results were 
obtained, although many castings were made in accordance with the 
method recommended by E. Matthey.|| 

A consideration of the cooling curve of the standard silver-copper 
alloy, containing silver 92*5, copper 7*6 by weight, which was obtained 
by Eoberta-Alisten,II and is reproduced in C fig. 1, shows that such 
segregation must necessarily take place. The initial freezing point di 
of this alloy, in which the percentage hy atoms is silver 87*9, copper 
12*1, is at about 900". At this temperature u solid solution rich in 
silver begins to crystallise out, but solidification is not complete until 
the temperature has fallen to 778" (<^2 fig. 1), when the mother liquor 
contains only 60 atoms of silver to 40 of copper, that is to say, the 
proportion found by Heycock and Neville to be present in the eutectic 
alloy During the pasty stage ample time is allowed for the 
segregation of the silver-rich constituent, with the result that the 
distribution of silver in the solidified metal is not uniform. The 
amount of segregation varies with the dimensions of the ingot, 

• Sew pp. 20 and 28 of ‘ Allerfuriiemwfcen MiueraUsoben SerKt tmd Barg works, 
arten/ by L. Erckor. Publiahod at Erankfoit in 1580. 

t ‘Ann. do Ohimie et do Phyt.* (8), rol. 86 (1852), p. 198 and vol. 89 (1858)", 

p. 168. 

J *Koy. Soc. Proo.,’ toI. 28 (1875), p. 481. 

§ Thirtiotb Annual Eeport of the Mint (1899), p. 09. 

II ‘ Boy. Soo. Proc.,’ roJ. 65 (1894), p. 266. 

^ First Beport \o the Alloys Besearoh Ootninittoe, * In*t. Meoh. Eng. Proo./ 
1891. p. 648. 

•• * PhU. Trans..* A, vol. 189 (1897), p. 26. 
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the shape and temperature of the mould in which it is cast, the 
temperatiire of ctisting, and the rate of cooling. In the case of ingots 
weighing about 125 ozs, troy ‘(4 kilos.), the ordinary weight of the 
Imperial trial plates, the centre of the mass is usually richer in silver 
than the outside to the extent of from I—3 parts per 1000. 

When a puie metal such us silver is solidified (Curve A, fig. 1) no 
pasty stage occui*a. The part first solidified is of the same composi¬ 
tion as that still remaining liqiihl, and the temperature remains 
constant until the whole is solid. 



The solidification of an alloy containing 9T66 per cent, of gold and 
6’33 per cent, of silver shows similar characteristics,* and remains 
uniform in composition under all conditions. Having regard to these 
considerations and to the experience that has been gained of the 
difiSculties attending the preparation of a homogeneous standard silver 
trial-plate, it seemed more likely that such a plate would be success* 
fully prepared by using a diiferent alloy than by making fresh experi¬ 
ments with silver and copper. The first alloy to be tried consisted 
of silver 925 parts, gold 75 parts, but although the plates prepared 
were, doubtless, uniform in composition, the difficulties connected with 
the assay of the plates were insuperable. It is obvious that the 
fineness of the plate could not ]>e compared with that of silver coin 
by the cupellation process, for the reason that the gold would not be 
Separated from the silver in that case. Nor were the wet processes 
• *Jtoy. Soc. Froo./ toI. 71 (1003), p. 161. 
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of assay, which involve dissolution in nitric acid, found to he much 
more convenient. When the alloy was digested with nitric acid in 
the ordinary way, at a moderate temperature, large ami variable 
quantities of silver were retained by the gold. When the alloy was 
boiled in moderately strong nitric acid for 30 minutes, the gold still 
retaine<l about 0*2 per 1000 of the silver, and a further variable amount 
was carried off by the vapour rising from the boiling liquid and lost. 

It was, therefore, Tiece.ssary to discover some other alloy which 
would be at once uiuform in composition and easy to use as a standard 
of comparison. 

An examination of the cooling curves of a tuunber of alloys con¬ 
taining 92*5 per cent, of silver afforded evidence that the silver- 
cadmii|Tn alloy would prove to he the most suitable one for trial- 
plates. Unlike the alloys containing gold, tin, oi* antimony, the 
cadmium alloy presents no difficulty in connection M'ith the assay by 
the ordinary methods, and the cooling curve, B fig. 1, l>cars a close 
resemblance to that of a pure metal, the fall iit temperature duriiig 
solidification not being great. The completion of solidification, how¬ 
ever, is marked by a slight momentary change of direction of the 
ciu‘ve, pointing to the fi’eezing of a small quantity of material of the 
nature of an eutectic alloy, ami it seemed possible that this might 
correspond to a change in the distribution of the silver throughout 
the mass, resulting in a lack of homogeneity. 

In order to test this, ingots of silver am] cadmium of standard 
fineness were prepared atid rolled out. Some difficulties wore at first 
encountered in the melting of the alloy. If pieces of solid cadmium, 
even >vhen warmed, arc added to molten silver, the action is very 
violent, and varying losses ol cadmium by oxidation and volatilisation 
take place, so that the resulting alloy is seldom of the exact composi¬ 
tion required. The method eventually adopted consists in pouring 
molten silver, heated only slightly above its melting point, into a 
large crucible containing melted cadmium at a l>lack heat o,nd covered 
with charcoal. The crucible is then placed in the fire, raised to a 
bright red heat as quickly as possible, and the alloy M^ell stirred and 
poured into a closed mould. Under these conditions, when operating 
with 4 or 5 kilos, of material, the mixing of the metals takes place 
with comparative quietness, and the loss of cadmium is reduced to 
about 0*15 per cent, by weight of the alloy. In order to prepare a 
standard trial-plate, which consists of 925 parts of silver and 75 parts 
of Imso metal, it is accordingly necessary to melt 76*5 parts of 
cadmium and to add 925 parts of silver to it. A large part of the 
loss appears to take place on the addition of the silver to the cadmium^ 
dense fumes of oxide of cadmium being given off, but on merely 
melting and re-casting a standard ingot of 5 kilos., the proportaoil ^ 
silver present rises from 92*50 per cent, to about 92*58 per cent* 
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The silver-cadmium standard alloy is more ductile and is whiter 
than the corresponding alloy of silver and copper, which has a slightly 
yellowish tinge. The ingots obtained were 21*5 cm. long, 15*3 cm, 
wide and 1*25 cm, thick. They wore rolled to a gauge of T25 mm. 
and pieces cut from all j)art8 were assayed, with the results that the 
plates* were found to be practically of uniform composition. The 
cadmium does not interfere with the ordinary methods of assay, no 
dilierence in I'esults due to interference being observable when the 
trial-plates M’cre compared with pure silver by the Gay-Lussac and 
Volhard [)rocesHes of assay. In practice when the fineness of a silver- 
eoi)per alloy is being compared with that of the trial-plate, by means of 
the Volhard process, the nitric acid solution of the copper alloy would 
be coloui'ed Itluc, while that of the cadmium alloy would I'emain 
colourless. 'Fliis would interfere with the correctness of the com¬ 
parative final readings, but in order to avoid this difficxdty, it is 
sufficient to add a piece of copper of the appropriate weight to the 
solution of the cadmium alloy. When the silver-cadmium alloy is 
cupelled, the cadmium buiris off and the loss of silver is about four 
parts in 10,000 moie than if the alloying melal were copper. In com¬ 
parisons by the cupellation process, it is, therefore, essential that the 
assay pieces should be made of similar coTnpositu)n by suitable additions 
of base metals. This course presents no difficulty and in no way 
detracts from the value of the trial. 

The results of these experiments show that tmstw'orthy and con¬ 
venient trial-plates can be made of silver and cadmium, but it 
remained to be determined by further study of the properties of the 
series of alloys whether the uniformity in composition of the trial-plates 
was fortuitous, or whether it was the inevitable result of its 
constitution. 

The ailver-cadmiimi series has been investigated by Gautier,! who 
stated that the freezing-point curve consisted of two parts meeting at 
a point corresponding to the alloy containing about 42 per cent, of 
silver arfd that the alloys appeared to consist of isoniorphous mixtures 
of a compound of silver and cadmium with one or other of the pure 
metals. In order to confirm these observations of Gautier a number 
of alloys, consisting of silver and cadmium, were prepared and atialysed. 
The silver used for this purpose was purified with the precautions 
adopted in the preparation of fine “ proof ” silver in the Mint and was 
1000 fine. The cadmium was purchased as pure and was examined for 
impurities, but none were detected. The proportion of silver in the 

* One of the plates ww sent to Mr. F. W. Harrold, the Assay Master at the 
Ooldamith's Hall, and another to Mr. H. Westwood, one of the Assay Masters of 
the Assay Offioe, Birmingham. They have kindly made a number of assays on the 
plates, and state thet the composition of each plate is uniform. 

+ ‘Bull, d« la Soc, ^‘Knoouregement,* Fifth Series, t, p. 1316 (ItfOii). 
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alloys was determined by the Volbard process of assay. Cooling 
curves were taken of the alloys by means of a Le Chateiier thermo¬ 
couple and the recording pyrometer described by Koberts*Austen* and 
the following results were obtained 

Freezing-points of the 8ilver-Cadmium Alloys. 

Percentage of silver Atoniio percentage 


by weight. 

of silver. 

Kree»ing.|)gint». 

lOO'O 

100 0 

96r-5 


95-01 

95-18 

9.56*5 

(920°) 

02*65 

92-87 

948 

(916 ) 

92-57 

92*81 

945 

(913 ) 

88-80 

89-16 

918 

(889 ) 

87 * 20 

87-60 

907 

(865 ) 

84 • 59 

85-07 

895 

(858 ) 

8.3-54 

83-84 

893 

(854 ) 

79-94 

80 * .50 

854 


74-98 

75-65 

818 


66-10 

66-80 

810 


63-S3 

64 • 64 

795 

(718 ) 

57*74 

58-62 

720 

(695 ) 

54 ■ 39 

55-27 

720 

(424 ) 

51-39 

52-28 

720 

(430 ) 

49-36 

50-27 

694 

(419 ) 

41*68 

42-57 

665 

(619) 

39-85 

41 -26 

676 

(643 ) 

30-11 

30-88 

(590*^) 571 


29-52 

30-27 

(586 ) 569 


21-12 

21-74 

446 

(338 ) 

9-12 

9-42 

(446 ) 332 


1 *20 

1-22 

315 


0-60 

0-61 

320 


0-0 

0-0 

323 



The temperatures in brackets denote subsidiary freezing points which 
are generally below but sometimes al)Ove the main freezing points. 

The cxirve of equilibrium between liquids and solids of the series is 
given in fig. 2. It has been plotted from the results given in the taWe. 
The upper continuous line is the liquidus curve. The solidus curve, 
which is not complete, is represented by the lower line, and is baaed 
on a study of the cooling curves, and of the microstructure of chilled 
specimens. 

When alloys containing more than 80 per cent of ailvert are 

* H«oh. Kug. Proc./ Oot., 1891, p. 848. 

t Both here and subccqueotly “per cent." it need for number of atomB per 
cent.** It happent, however, thit ie nearly the »ame ae the percentage by 
weight, the atomic weighte of silver and cadmium dlffenng but little. 
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allowed to cool at a moderate rate, the greater part of the mafis 
solidifies at a definite temperature, leaving a very small part only to 
solidify at a lower temperature. The final freezing point is marked 
by a minute but distinct check in the rate of cooling. It becomes less 
marked as the percentage of silver falls below 95 per cent., and 
disappears altogether before the 80-per-cent, alloy is reached. The 
BO-per-cent. alloy itself solidifies nearly as a whole, and its cooling 
ctirve resembles that of a compound, or a pure metal. There is little 


Flo. 2. —Curvtin of Equilibrium, of Silver and Cadmium. 



doubt that ingots 800 line in silver would be uniform in composition. 
As the percentage of silver falls from 80—65 per cent., the ^initial 
freezing or liquidus point Iwjcomes of less importance, and the ^ty 
stage more pronounced and of longer duration. 

The alloys containing about 66 per cent, of silver and approsrimating 
in composition to that required by the formula Ag^Cd are somewhat 
less ductile than those members of the senes which are richer in silver. 
They ore more readily attacked by nitric acid than the alloys con* 
taining either more or less silver. This points to a lack of homogeneity, 
a conclusion that is supported by the shape of the cooling curve 
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of the 64*64-p6r"Cent. alloy. There is here a long pasty stage 
between the initial freezing point at 795^ and a second point at 
about 718”. During this range of temperature the slowness of the 
rate of cooling shows that solidification proceeds continuously and 
that the part of the mass remaining liquid undergoes a continuous 
change in composition. At the point when solidification is completed 
there is a more pronounced evolution of heat at about the same tem¬ 
perature as that at which solidification begins in the alloys containing 
from 52—58 per cent, of silver. The iiquidus curve appears to show 
a small cusp corresponding to the compound Ag^Cd, Imt it is probable 
that the compound AgXVl, which was detected by Hey cock and Neville 
in solution in other metals* is partly or entirely dissociated when 
melted by itself. 

The alloy containing 58*02 per cent, of silver has two freezing 
points at 720 ' and 695', separated l»y a pasty stage. The alloys con¬ 
taining from 52—55 per cent, of silver have freezing points at 720” 
and 420". The eutectic solidifying at 695” was not observed in the 
cooling curves of these alloys, although there is little doubt that it 
must exist, paiticularly in view of the micro-structure. The 60-per-cent, 
alloy solidifies at 694", atid shows the eutectic point at 420". 

In the aeries containing from 50—60 per cent, of silver, the piisty 
stage succeeding the initial freezing point gi-aduftlly diminishes as the 
percentage of silver is reduced, until in the 50-per-cent, alloy the 
fall of temperature during solidification is only about 20”, whereas 
in the 76-per-cent it is nearly 100”. Nevertheless the freezing 
point of the 60-per-cent, alloy is not so sharp as that of an undis- 
sociated compound, and after* the temperature has fallen at a normal 
rate to aI>out 420” another considoruble evolution of heat takes 
place, during which the temperature remains stationary. The point is 
also observable in the cooling of the 62-, 55-, and 58-per-oent. alloys, 
l>e(’oming successively smaller and dying away at alx)ut the 60-per-cerit. 
alloy. Prolonged heating at various temperatures between 420” and 
695“ had not any apparent efi'ect on the specimens, which retained their 
shape when not subjected to stress. When, however, a cast bar with 
composition corresponding to the formula AgCd was subjectotl to a 
bending stress equal to 10 grammes per square millimetre of cross 
section (about 14 ll>s. per square inch), it was found to become suddenly 
plastic and to l>eud almost double without cracking at a temperature 
of 450”. When chilled at temperatures somewhat above 420" tiie speci¬ 
mens assumed a red or lilac tint, especially after light polishing, which 
is not so markedly observable in the specimens chilled from below 
420". The colour is observable in all the alloys containing from 40—50 
per cent, of silver, and is always confined to the surface layer* Hie 

* Fteexing-pomt of Trlplo AHoyt,’* Soo.Tnms.,* vel. 59 (1^94) 

p. 65, 
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similar case of the silver-zinc alloy AgZn has been investigated by 
Heycock and Neville,* who also refer to the colour of the alloy AgCd* 

The cooling curves of some alloys containing about equal numliers 
of atoms of silver and zinc were also prepared for comparison, and w^re 
found to be very similar to the cooling ctirve of AgGd. I'he fr'eezing 
point of the alloy containing 51 tUoms of zinc to 49 atoms of silver 
is at 69^1', and the evolution of heat by the alloy in the solid state 
is at 28F. The corresponding temperatures in tlie case of the alloy 
containing equal numbers of atoms of silver and zinc* were found to 
be 690" and 271". These results can be correlated with the facts 
observed by Heycock and Neville, who showed that the silver-zinc 
^illoy could be made to assume a red tint if heated to a temperature 
near 300", the lowest cfFoctive temperature l»eing 285”, and suddenly 
chilled. The disappearance (d the red tint thus appears to coincide 
with an evolution of heat in both cases. The red tint can also be 
obtained in either case by abrasion. It is well shown in filings and 
sometimes in polished specimens. 

The liquidus curve of the silver-cadmium alloys shows a well-marked 
cusp at about the 40-per'cent. alloy, pointing to the existence of the 
compound Ag^Cdy, This alloy is hard and excessively brittle, breaking 
with a conchoidal fracture, a proof of homogeneity of structure. 

The remainder of the freezing point curve is of an ordinary type, 
consisting of two branches meeting at a minimum at about the alloy 
coutaimng 1*2 per cent, of silver, which solidifies at 315” or 8 below 
the freezing point of pure cadmium.t Further ad<iitious of silver 
raise the freezing point until a maximum of 676" is reached at the 
40-per-cent, alloy. A branch of the curve of ocpiilibrium was observed 
containing about 10 per cent, of silver solidifying at 532". 

The liquidus curve is thus seen to consist of 7 parts, which are as 
follows 

( 1 ) Between pure silver atid the compotiiid Ag 4 Cd, convex upwards. 
The two constituents appear to be isomorpbous, 

(2) Between the compouruls Ag^Gd and Ag^Cd, concave upwards. 

(3) Between the compoutids Ag-^Cd and AggOdj^. Nearly a straight 
line with a horizontal branch correspoJiding to the freezing point of 
the compound Ag^Cd^, 

(4) Between the compounds AggCd^ and AgCd, there is a horizontal 
branch corresponding to the freezing point of the compound Ag 8 Cd 2 . 
There is also probably another corresponding to the freezing point of the 

♦ *Cftmb. Vhih 8cc. Proc„* rol, 9, Pt. 4, 1896. 

t Buiiberg (‘Poggaad, Aaoal.,’ vol. 71 , 184 - 7 , p. 460) aud Eitsuifdijk (‘ AioUivee 
KWhindawes/ vol. 3 , 1868 , p. 29 ) both gave the molting-poiufc of cadmium as 820 ", 
aad 0a*di^ (Ittc. cit.) tekea it tta 822 ". The temperature of 823 " adopted here wm 
datamined by oomparisou with the melting-poiot of pure lead, which was taken 
trnm^ 
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compound AgCd, and a third corresponding to the freejaing poimt 
either of the compound AgCdg or of a eutectic alloy consisting chiefly 
of this compound. 

(6) Between the compounds AgCd and Ag^Cdg. A curve concave 
upwards. 

(6) Between the compounds Ag 2 Cd 8 and AgCds. 

(7) Between AgCdg and cadmium. A curve with a distinct minimum 
at about 1*2 per cent, of silver. There are two horizontal branches, 
one due to the solidification of a eutectic of this composition, and the 
other to the freezing of the compound AgOda. 

Mifro-strmture of ike Alloj/fi. 

The alloys containing upwards of 80 per cent of silver all present 
similar cliaractcristics. Their structure is well developed on polished 
surfaces by dipping them for a few seconds in hot nitric acid of n specific 
gravity 1*25. Slowly cooled specimens, iii which the solidification 
occupies about 5 minutes and the subsequent <^ooliiig to a low red heat 
about half an hour, are seen to consist of crystallites of a silver-rich 
body set in a darker coloured matrix which has been more deeply 
etched by the acid than the crystallites (see fig. 3, Plate 10). The 
limiting case of pure silver shows no matrix and the cr 3 %stallite 8 are 
large, the crystal grains in small specimens being from 5—8 mm. in 
diameter. Similarly no matrix wfis observed in the alloy containing 
97*3 per cent, of silver but it was detected in the 95-per-cent, alloy, and 
showed some increase as the silver diminished to 80 per cent. At the 
same time the size of the crystallites diminished to a diameter of 
about 1 mm. When these alloys were re-heated for from 1- 4 hours 
at temperatures intermediate between the initial freezing point and the 
“ eutectic " poiiit referred to above, the crystal grains broke up and a fine 
network of the dark-coloured matrix was formed. When reheated at 
any temperature above a red heat but below the final solidification 
point, the matrix disappeared and crystals were formed occupying the 
whole area of the field. The higher the temperature (l)elow this point) 
and the longer the time daring which it was maintained, the larger the 
crystals greM^ and the straighter and more regular l>ecame their 
bounding faces. All the specimens were chilled after re-heating. 

It appoai‘8, therefore, that at all temperatures below the solidus curve, 
these alloys are homogeneous, consisting of a single solid solution, 
doubtless consisting of varying proportions of silver, and the compound 
Ag^Cd the existence of which has been referred to by Heycock and 
Neville.* Ibese two substances, silver and Ag 4 Cd, must be regarded as 
isomorphous. It follows that the more slowly these alloys are cooledt 

• “ The FrecKing-point of Triple AUoyn,*' * Chem. Soe. Trans./ toI. $6 (1894), 
1x86. 
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the more uniform the composition should be. It should be possible 
to prepare perfectly uniform alloys of any composition containing more 
than 80 per cent, of silver by re-heating thorn to about 850*^ for a 
number of hotirs. A practical difficulty in carrying this out would be 
that the cadmium would be partly volatilised, so that it would Ihj 
necessary to remove the outer layers of the ingots after heating 
them. 

On the other hand, Osmond has pointed out that it is by no means 
unconimorj for crystallites to )>o developed by the attack of suitable 
re-agents in media which are chemically homogeneous. He cittes the 
bronzes and the gold-copper alloys as instances. According to this 
view the specimens showing crystallites are already uniform in com¬ 
position and do not require to he annealed in order to become so. It 
is to be. ol>Berved, however, that the gold-copper alloys have been 
shown to be non-homogeiieoxis.* Osmond does not state to what 
bronzes he refers, but the copper-tin alloys are now well known to be 
heterogeneous also. It may be repeated that in practice the 92’5-per¬ 
cent. alloy is found, on casting, to be uniform in composition, so that 
it is unnecessary to anneal it. 

In the alloys containing from 80—70 per cent, of silver, the 
crystallites in slowly cooled specimens are larger and more regularly 
cross- or feni-shaped than in those with more silver (see fig. 4, 
Plate 10). The matrix is readily dissolved out by niti’ic acid, leaving 
the crystallites in relief surrounded by a deep-sunk network. The area 
occupied by the crystallites is reduced, and that occupied by the 
matrix increased as the percentage of silver falls. The equilibrium 
of the systems at lower temperatures has not been examined in this 
part of the series. 

The alloy correspotiding to the formula Ag^Cd is much finer gi’ained 
than either the 64- or the 70-per-cciit. alloy. Etching with nitric acid 
leaves an excessively fine network in relief with darker pitting® 
between, but no regular striicture is observable. Other reagents are 
equally ineifective in developing the stnicture. Re-heating at 750“ for 

hours, and subsequent chilling, merely increases the size of the 
network without in any other way changing its appearance. One 
curious effect of heating to 750“ these specimens emb^ded in sand is 
that the cadmium on the surface is volatilised, leiiving a layer of pure 
silver. Oh removing this during the operation of polishing, a black 
layer is encountered coloured by oxide of cadmium, and underneath 
this the original alloy is found to exist. The layers are not everywhere 
of the same thickness, so that in the course of polishing alternate rings 
of white and black are produced, resembling the well-known Japanese 
de<iorative metal-work known as Mokum^, which is used in jewellery. 

The cooling curt'es indicate that the compound AgaCdj separates 

♦ STitl Roee, *Roy. fioc. Proc./ vol. 67 (1900), p. 106. 
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from the alloye contHiniiig between 50 and 60 per cent, of silvei’i and 
this is borne out by the micro-structure. The alloys when rubbed 
with potassium cyanide solution are seen to consist of white oblong 
crystals set in a red*coloured matrix (see fig. 5). As the percentage of 
silver diminishes the area covered by the crysUls is reduced, and the 
amount of matrix increases. The while crystals evidently consist of 
the compomid AgaGd-j, and the red matrix of AgCd, 

The alloys containing between 50 and 40 per cent, of silver are 
remarkable for resisting the attack of the ordinary etching reagents. 
Nitrio acid has little effect on them, but they are slowly dissolved by 
hot acid of a specific gravity of T3 without their structure being 
revealed. A similar lack of success attended the use of 8uli:)huric and 
hydrochloric acids, of soluble sulphides, of alkaline sulphides with the 
ahl of a galvanic battery, and of heat with free exposure to the air. 
The alloys are not affected by ammonium sulphide under conditions in 
which silver-copper alloys or pure silver are instantly tarnished. The 
atructuro was developed by a polish att,ack, which consisted in rubbing , 
the polished specimens on parchment with fine alumina moistened with 
a solution of 0*5 per cent, of cyanide of potassium. The action ia 
partly abrasive, the rod colour beirjg strongly developed in some of the 
crystals. In the 50-i)er“Cent. alloy, slowly cooled Hf)ecimons are seen to 
consist of large crystals of 2—3 miu. in diameter. There is no 
cementing material, and the crystals are <listinguishahle from one 
another under low powers only by their shades of colour. Under high 
powers (above 1000 diameters) the most strojigly coloured crystals are 
seen to be covered with a number of minute ii r egular pits and short 
trenches, which are bright red, the space between being colourless. 
The difference between the crystals seems to be only that of the 
orientation of the particles forming them, so that the surface of some 
crystals is more rejidily abraded than that of others. The structure, 
however, is not readily revealed without the aid of the cyanide 
solution. The abrusions form an irregulur network, which gives some 
of the crystals a minutely cellular appearance, visible at a magnlocation 
of 50 diameters. In quickly coolerl cast specimens the crystals are 
much smaller, few being more than 0*3 ram. in diameter, and traces of 
a hard white cement are discernible between the crystals. 

The same alloys when re-heated to 360* for 6 hours and chilled 
show an even more minute structure, the crystals being only about 
0*02 mm, in diameter (see fig, 6). A few bard white projecting grains, 
probably existing in the alloy after casting and before reheatii^, are 
visible under a magnification of 1800 diameters on a sligThtly pittk 
ground consisting of a solid solution of AgCd and AgjiCJds. 

yifhidn the 60-per-ceat alloy is heated for ^ hours aboye 420- 
cbUled, the separation of the two constituents is far more eompletei ^ 
The alloy is now made up of large bright red hexagonal crystids ^ 
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1 mm. in diameter. Near the outside of the specimens these crystals; 
occupy the whole area, but towards the centre the hard white alloy 
is segregated, forming a cement between the red crj’-stals (see fig. 7). 
It seems clear that these two constituents are separated at temperatures 
above 420\ and that the white constituent fuses at that temperattire. 
The white constituent is readily attacked by nitric acid, and may he 
the compound AgCde. 

The 40-per-c(mt, alloy, when slowly cooled, is homogeneous and 
consists of small crystals, about 0’3 mm. in diameter, which become 
more regular hoxngons when re-heated for 24 hours at 350" and chilled, 
and also when heated at 570" and chilled, but do not iticrea.se in size. 
The alloy romaitis homogeneotis under tliese conditions, and evidently 
consists of the compound Ag^Ctl^. 

The portion of the series between the 40- and the 25 per-cent, alloys 
consists of hard slightly pinkish crystallites of Ag^Cdn, set in a matrix 
which approximately correspoiuis in composition to AgOdy. The 
alloys can be etched with nitric acid, and the unatUicked crystallites, 
at first forming almost the whole of the muss, become somewhat rare 
in the .30-per-cent, allo}^ and disiippear altogether l^efore the 25-j)er- 
cent. alloy is reached. 

Specimens containing less th.an 25 per cent , of silver are much more 
rapidly attficked by nitric acid than those richer in silver, and when 
corrosion takes place it is a magma of cadmium wdth very little silver 
that is attacked and darkened, leaving the harder white crystallites of 
AgCdn practically luitouched (see fig. 8). The structure is develope(f 
when sections are merely polished, the crystallites of AgCdg stariding 
out in relief. They diminish in number as the percentage of silver is 
reduced. 

The results of the investigation may be summarised as follov's :— 

(1) Evidence is afforded of the existence of the compounds AgCdj, 
AgjiCds, AgCd, AgsCda, AggCd, and Ag 4 Cd. 

(2) The alloys containing from 0—25 per cent, of silver consist, 
when solid, of ciystals of AgCdg sot in a matrix of cadmium. Those^ 
containing between 26 and 40 per cent, of silver consist of the com¬ 
pound AgjjCda set in a matrix consisting mainly of AgCd^. The alloy 
containing alx)ut 50 per cent, of silver consists of crystals of a silver- 
rich body set in a matrix consisting chiefly of AgCds. The m arix or 
eutectic solidifies at 420'", or nearly 300'’ below the freezing point of 
the crystals. 

The alloys containing from 50—60 per cent, of silvei* consist, at 
temperatures above 420®, of mixtures of two difierent solid solutions,, 
one oi which is chiefly composed of the compound AgCd, and the other 
of AgftCd^. Traces of the eutectic freezing at 420® are still risible. 

When more than 80 per cent, of silver is present, the alloys consist 
ctf a mijcture of two bodies at temperatures between the liquidus and 
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solidus curves, but these unite to form a single solid solution at points 
on the solidus curve. 

(3) The alloys containing over 80 pet* cent, of silver do not undergo 
segregation under ordinary conditions, and are practically homogeneous 
and uniform in composition. They are well suited us a material for 
the manufacture of trial-plates. 


On the Wetting of Cotton by Water and by Water Vapour.*' 
By Ormk Masson, D.Sc., F.11.8. lieceived April 25, 1904. 

Introdudion. 

If two thermometers, one of which has its bulb protected by a 
close covering of ordinary cotton wool, be simultaneously immersed 
in the same water, all being originally at the same temperature, the 
protected thermometer shows a marked rise, while the naked one 
undergoes no pet'ceptiblo change. Heat is, therefore, generated locally 
by the wetting of the cotton covering. 

The maximum temj)orature is reached in 2 or 3 minutes, after which 
there is a fall, the rate of which steadily diminishes in a characteristic 
manner, so that, when all necessary precautiotis are taken, a difference 
of tem])erature between the cotton and the surrounding water is 
still distinctly perceptible after several hours. Roth the extent 
of the rise and the rate of the whole change depend on several oondi- 
tions. With a given thermometer the most important factors are 
the quantity of cotton wool, its initial condition with respect to 
hygroscopic moisture, and the temperature of the water. Other 
things being equal, the effect is more marked with a large covering 
than with a small one and at a higher than at a lower !>ath tempera¬ 
ture, but the previous condition of the cotton is a more important 
factor than either. If taken in its ordinary state after exposure to 
the air of the laboratory, when it usually contains about 8 or 0 per 
cent, of moisture, it may show a rise of 2*' or 3" C,, but if precautions 
be taken to insure that it is dry at the moment of immersion in water 
(at its own temperature), the same sample will show a rise of from 
8—12'' or more. 

The relatively largo amount of air which is always entangled 
within the cotton wool does not escape <luring or after immersion, 
and the bundle presents a glistening appearance under water which 
suggests that it is not completely wetted. That this fact, is important 
in connection with the observed temperature change is shown by the 
behaviour of the so-oalled “ medicat^ ” or “ absorbent ” cotton wool, 
which differs from the ordinary (nearly pure) material in having been 
freed by solvents from traces of natural cotton wax. This gives a 
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much smaller rise, and in its case the glistening appearance is absent. 
Moreover, the quantity of water which penetrates the cotton 
wrapping and remains mechanically adherent to it and the thermo¬ 
meter when they are lifted out after, say, ^ hour's immersion, 
may be determined by weighing, and it is found to l>e less than the 
weight of the dry cotton in the case of the ordinary material, but 
several times greater in the case of the al)sorbent variety. Obviously, 
therefore, when they are immersed, the former is both better* insulated 
and has the smaller heat capacity, and will thus show a larger 
rise of temperature for a given heat production, and the observed 
difTorcnce does not necessarily indicate that the absorbent wool is 
inherently less susceptible to such action as may be the cause of the 
phenomenon. 

The true nature of this action is indicated in the first place by the 
observation that immersion in water is not essential, for the covered 
thermometer behaves in a precisely similar manner when exposed to 
air saturated with water vapour. The rise of tt^mperatiire is as great 
or greater, though it may take 5 or 0 minutes to reach the maximum 
instead of 2 or 3, and tlie subsequent slow cooling curve is similar, 
as well as the effects of varying conditions. In fact it has been proved 
by the experiments to be described that the whole action is essentially 
the same, whether a bath of water or of saturated air bo employed, 
and that in l>oth cases the heat production is due, at all events, 
primarily, to the condensation of water vapour on the surface of the 
cotton fibres. More strictly, this is proved in the case of saturated 
air immersion, and its extension to the other case is necessitated by 
the proof of the complete similarity of the thermal changes. In the 
ease of immersion in water the vapour which condenses on the cotton 
must be produced by evaporation from the liquid, which is prevented 
from complete contact with the fibres by the aii* which adheres to 
them and fills the interstices. There is, therefore, an automatic dis¬ 
tillation from the neater on to the cotton which acts as a condenser, 
and the heat gained there must be matched by an equal loss of heat 
by the adjacent water, though the large heat capacity of the latter 
prevents any fall of temperature comparable with the observed rise, 
** Absorlwnt ” cottoii wool is found to behave in saturated air exactly 
like the ordinary variety, in contrast with its much smaller tempera¬ 
ture effect in water. This is in complete accord with the theory. 
The condensation of vapour that occurs during exposure to saturate 
air never renders the cotton sensibly moist, though it may absorb over 
SiO per cent, of its weight in a few hours. 

It has long been known that rise of temperature results from the 
itnmaraiou of finely divided solids in water and othei' liquids. 
Pouzliet^ examined a large number of substances, both inorganic and 
* * AiUi. ds Chim. et de Phy*./ 1822 , ( 2 ), toI. 20 , pp. 141 — 102 . 
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organic, and showod that the property is a general one, that the state 
of division and previous dryness of the material are important, and 
that the phenomenon is much better marked with animal and vege- 
uMg substances than with mineral powders. His experiments, how¬ 
ever, can hardly be regarded as quantitative, for the temperature 
rises, of which he records a long list, have no real significance apart 
froni the special conditions under which they were observed, nor do 
they by themselves throw light on the nature of the process which 
causes them. Later ol>8erver8 seem to have confined their attention 
to inorganic materials such as silica and glass, and the recent work of 
(1. J. l*ui'ks, which will be referred to later, is specially notable in this 
connection. But the author is not aware of any previously recorded 
thermomotric investigation on the lines he has adopted, having the 
following objects in view :— 

1. To map the whole course of the observed change of temperature 
of cotton due to its immersion in water, tracing both the rise to the 
maximum and the subsequent fall. 

2. To do the .same for the case of immersion in air saturated with 
water vapour, and to compare the two results. 

3. To examine the effect of varying conditions and particularly of 
the initial dryness or dampness of the cotton. 

4* To determine, in the case of immersion in saturated air, the 
course of the hygroscopic absorption. 

5. To ascerttiin the relation f)etween this absorption and the 
temperature change. 

6. To examine the information so obtairied as to its bearing on the 
nature of the Pouillet effect. 


Jpparaim md Methods. 

The th’Tmmietf'frs required to fulfil the two conditions of being 
short enough to bo weighed on an accurate balance and of yet 
having a sufficient length of sctdo. As they were likely to be used 
at various temperatures, a very open scale was out of the question. 
Those chosen were graduated in whole degrees only, reading from 
below xero to 100* C. Koadings were always made by a telescope with 
a micrometer scale in the eyepiece. In all the earlier experiments 
this micrometer scale was used merely for subdividing the degrees, 
but in those described as Series V it was employed so as to make the 
readings altogether independent of the thermometer graduations. 

Comparison of the instruments with a standard thermometer at 
various temperatures showed that the capillaiy was of practically 
uniform bore, and as all the readinp in any experiment were referred 
to the initial one, so as to give temperature differences, any eero-point 
error of the thermometer was of no importance, 
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The iekscope was generally so placed that one division of ih» 
micrometer scale was equal to 0'*2, and readings were taken to 
0’*02. They may, in the case of Series V, be taken as free from 
errors as hirge as O'*-05, but the earlier observations are less reliable 
for the reason stated. The actual temperatures of the immersion 
bath, as given in the tables, were ascertained by a standard thermo¬ 
meter that could be road to 0'**0], and in all experiments after 
Series II these temperatures were maintained constant to within O'’*03 
by a thermostat. 

The experimental thermometer was provided with a jarJeet tube 
of sufficient length to enclose the bulb and part of the stem, and 
a smooth red-rubber cork was fixeil at such a position on the stem 
that the tube, when in use, was closed and air-tight. All that part 
of the scale which was used iii the observations lay above the level of 
the cork, and there was sufficient length below it to admit of proper 
immersion of the bulb and cotton covering without submerging the 
cork itself. The thermometer was provided with platinum loops: 
so that it could, with its tube, be slung slantwise on the balance for 
weighing. 

The cotton- wool was tightly wound round the bulb so as to 
efficiently cover it and a small part of the stem, leaving enough room 
between it and the cork for subsequent operations. From J—1 gramme 
was found to bo a convenient quantity. When once properly wound 
it remains in position without any special fastening, but for a long 
series of experiments it is safer to secure it with a single turn of 
cotton thread. After winding, it should be hung in distilled water 
for a day to remove soluble impurities derived from the fingers or the 
laboratory air, and should not afterwards be touched. 

In the latter experiments (Series V) a duplicate iitarmomeic^ with 
cork and tube, but without cotton wool, was used as a counterpoise in 
weighing, and was also put through every treatment in the same way 
and at the same time as the experimental apparatus. It was hoped 
by this means to minimise any small errors that might result from 
hygroscopic changes in the weight of the rubber cork. 

The ovm used for drying the cotton covering before any expeiimmit 
was an ordinary air bath with temperature regulated to about 110* C. 
and with a fairly free draught passing through it. The bulb ef the 
thermometer passed through an opening in the roof^ and a slotted 
wooden cover supported the rubber cork outside the bath and protected 
it from the heat. It was proved that an hour’s drying was more than 
enough to give constant weight. 

It may be mentioned here, as a curiously extreme mstance cl the 
twdininy wet and dry bulb effect, that the experimental thermomator 
with its covering, when lifted out of cold water and phsead in the 
rises till it reaches a point some 50* or 60* b^w the oven 

T 
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temperature, then oscillates for some time about that point (following 
the oscillations of the gas regulator) and finally rises steadily to the 
full temperature. The effect is soon best when absorbent wool is used, 
as it carries a much larger store of water. 

The immersion hath varied according to circumstances. In Series II, 
for water immersion, it wiis simply a glass jar holding about 3 litres of 
(distilled water. Its temperature was that of the laboratory and was 
ithus not the same throughout the series, but it varied only between 
IG*" and 18^ and during any one experiment it did not alter more than 
a few tenths of a degree. This last variation was recorded and after¬ 
wards approximately corrected for, in plotting the temperature curve 
•of the covered thermometer. The results are, of course, though fairly 
good, less reliable than those of later series; for in all of these the 
immersion bath was placed in a thermostat which kept constant to 
within 0*03. Tn the later water immersion tests the bath was a wide- 
mouthed thin glass flask containing distilled water, and it was clamped 
in the thermostat so that only its open mouth was above the surface of 
the water in the latter. For immersion in air saturated with water 
vapour, this flask M'as replaced by another arrangement which under¬ 
went some modification as the work proceeded. In Series III a large 
wide-mo\ithed glass bottle was used, with a layer of water at the 
bottom and with an air current passing through it. This air was 
previously saturated at the right temperature by passing through a 
lead worm and a wash-bottle, both submerged in the thermostat, and 
it was then delivered into the bottle through a tubulated neck near the 
bottom. In Series IV the air current was sent through additional 
saturators, and a cover was provided for the bottle so as to close it 
when in use, except for the opening which admitted the thermometer. 
In Series V, as some doubts were entertained as to perfect saturation 
ill previous tests, the bottle was replaced by a large cylindrical pot of 
porous earthenware, with a hole near the bottom through which the air 
(Current could be conveyed. The pot was very completely surrounded 
by the water of the themiostat and was provided with perforated card 
covers. The infiltration of water through the walls kept the whole 
inside surface wet and provided a large and constant area of evaporation. 
At the same time the infiltration was not rapid enough to give any 
trouble, even in protracted experiments, if the pot was emptied by a 
syphon at the start. With this arrangement it was found that it m^e 
no appreciable difference whether the air current was used or not, and 
it was not used in the last six experiments of the series. 

Hooks, which occupied a fixed position with respect to the telescope 
BO that its distance and the value of its scale did not vary, served for 
the vertical suspension of the thermometers during immersion. 

.stnall water motor which worked the stirrer of the thermostat was 
xonneoted with the same support as these hooks, and at each rotatkm 
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of the belt a slight jolt was thus given to the thermometers which 
served the purpose of an automatic tapper in preventing the mei'cury 
from sticking. 

The at^Aiuil conduct of an experiment is as follows:—The covered 
thermometer is dried at about 110** for an hour as already described, 
the jacket tube being placed sepai-ately in the oven at the same time. 
The counterpoise thermometer and tube, if used, are treated similarly 
in this and in all subsequent operations. The instrument is then 
removed and quickly inserted into its tube, both ])eing well above 
100\ and is left to cool to the temperature of the balance. Its weight 
is taken after a momentary loosening of the cork to equalise pressure, 
and it should not vary in a series of tests more than about 0*001 gramme 
from the meiui. In the twenty experiments of Series V, where the 
duplicate instrument was usetl as a counterpoise, the variation was only 
half as much. The weight of the dry wool itself may bo (obtained by 
deducting the tare of the instrument, taken before the bulb was 
covered. 

The thermometer, still protected by its tube, is then suspended in 
the immersion vessel (water or saturated air as the case may be) and 
the cover put on, and readings are taken by the telescope from time 
to time till their constancy indicates that the covered bulb has reached 
the fixed temperature of the thermostat. About an hour suffices. The 
final reading is noted as the initial temperature of the experiment. 
The thermometer is then as rapidly as possible withdrawn, removed 
from its tul>e, and ro-hung in the proper position, and a stop-watch is 
started at the moment of immersion. The cover is replaced, the 
telescope is adjusted vertically so that its scale occupies exactly the 
same position as before with respect to a fixed mark on the thermometer, 
and readings begin. These are taken at short intervals, and always, 
except at the maximum temperature and at the finish, at the moment 
when the mercury is crossing a scale line, the time being noted to the 
nearest second so long as seconds are of any importance. 

Generally the experiment is stopped at an exact pro-appointed time 
by removing the thermometer as rapidly as possible to its jacket 
tube, and it is then allowed to take the temperature of the balance and 
weighed. The difference between this and the original dry weight 
gives the amount of moisture absorbed during the immersion. As the 
final temperature cannot be read at the actual moment of stoppage, a 
very slight extrapolation is generally necessary to complete the curve; 
for the exact fintd temperature may be wanted for a purpose that will 
appear later. Of course, in the case of water immersion the weighing 
is omitted, as absorbed moisture cannot be distinguished from that 
whidh mecbamcally adheres to the cotton. 

Jkt the eompletimi of an air immersion experiment, after the instrument 
has Wen weighed, it may be at once used for a second experiment in which 

T 2 
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the influence of a known amount of previous moisture is observed, the 
procedure being similar to that already described. In Series II (water 
immersion tests) previous moisture was given to the cotton in roughly 
predetermined quantity by exposing it for suitable times in moist air 
at the ordinary temperature. 

To obtain the curve which shows the progress of absorption of 
moisture during immersion in air saturated at any fixed temperature, 
it is necessary not only to accurately maintiiin the bath at that 
temperature but to guard against any interference with the temperature 
of the cotton. It is an essential feature of the process that the cotton 
shall become hotter than the bath, and the velocity of absorption at 
any moment must be aflected by the magnitude of this difference of 
temperature. It is, therefore, impossible to trust an absorption curve 
obtained from one long experiment, interrupted from time to time for 
the purpose of weighing. After each such interruption the cotton 
resumes operations at a lower temperature than that at which it left 
off, and moreover it never again gets back exactly on to its original 
temperature curve. There are other errors also which result from 
such a method, but they are of less importance. Therefore the plan 
was adopted of determining each point on the absorption curve by 
means of a separate experiment, starting always with dry cotton, and 
immersing it for different times, but keeping all other conditions the 
same. The temperature curve was taken simultaneously in each test. 

Unfortunately it has not been found possible to so mrange things 
that each temperature curve follows the exact course of the last, 
which would be the best proof of the trustworthiness of the absorp¬ 
tion curve. The differences, though small, are unmistakable even 
in the case of Series V, which was the best in several resp^^ts. 
The extent of these discrepancies will be shown in the thtifes 
summarising results. The cause of them is not to be found the 
drying process, as is proved by the uniformity of dry wei^i; nor 
in premature absorption through the corks after weighing, as t^s 
was disproved by special tests; nor in incompleteness of saturation 
of the air, nor in any other circiunstanoe peculiar to the air immer¬ 
sion experiments, for similar small variations ooeutred in the 
temperature curves got by water immersion. It is probable there¬ 
fore that the errors arise at the moment the thermometer is with¬ 
drawn from its tube at the start of each experiment, and that this 
exposure to air of variable temperature and moistness, brie! thou^ it is» 
initiates a disturbance that shows itself later in the manner described. 
It is not easy to devise a remedy that would not introduce troubles of 
its own. Finally it may be pointed out that the oonatauey of the 
bath temperature^ and the fact that the cotton is always heater tliati the 
bath, afford security against any error such as might c^erwise be catmed 
by deposirion of dew. 
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Eicperiifiental Results, 

In what follows and in the curve diagrams— 

t is the time moa8ure<l in minutes from the moment of immersion of 
the cotton-oovered thermometer; 

0 is the temperature of the same at the moment in degrees 
Centigrade, its own initial temperature, which is the constant tempera- 
ture of its environment, being taketi as zero ; 

if> is the maximum value attained by 0 in the course of the 
experiment * 

r is the value of t at which == ; 

m is the weight of water vapour, in milligranjmes, absorbed in the 
time /; 

p is the weight of any water vapour, also in milligrammes, absorbed 
by the cotton prior to the commeucemont of the experiment; 

A is the area, determined by planimetor, bounded by the curve, 
the t axis, and a vertical ordinate corresponding to the time /; 

or A ^ 

The terms “ water immersion ” and “ saturated air immersion ** have 
already been fully explained. “ Previous moisture ’’ ser ves to designate 
that of which the quantity is p. The term “ dry curve ” is used to 
distinguish one belonging to an experiment in which the cotton is 
dry to start with from those which show the effect of previous 
moisture. 

It is unnecessary to reproduce here the numerous t and 0 readings 
of the experiments. They are therefore summarised in the following 
tables, giving the values of t and the final values of t and and 
the corresponding values of A and rn (where determined), and the value 
of p in cases where previous moisture was present. In Tables III and 
V calculated values of m. are given also. The mode of calculating m 
from A and 0 will be explained later. Some of the curves are shown 
in the diagrams, and references to these are given in the tables. 

The experiments which formed Series I were of a purely preliminary 
character, and are therefore omitted. Those of Series II were, as 
already explained, leas accurate than later ones; but they are correct 
enough for their purpose, for they show by comparison with Series III 
the general similarity of the temperature change produced by water 
immersion and by saturated air immersion, both with and without 
pi^evious moisture. Series III also gave information as to the progress 
of absorption during exposure to saturated air; and the main purpose 
of Series IV and Series V was to trace this more fully in connection 
with the temperature change. . They also supplied some evidence as to 
mfiuence of bath temperature and weight of cotton. Finally water 
immersion tests, carried out in conjunction with Series IV and V, gave 
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temperature curves capable of accurate comparison with those of 
saturated air immersion under otherwise identical conditions. The 
experiments of Series V are probably more exact than any of the others, 
for reasons already explained. 

Table I.—Summary of Series 11. 


0‘55 gramme of cotton wool covering thermometer C. Water 
immersion at 16—18”. t ^ 3 to 3^ minutes. 


Order of 
experimout. 

jlpproximatt* 
bath temp. 

p. 

' . . 

a at 

30 minutes. 

Reforouce to 
Bgure. 

1 

if-0 

0 

8*3 

1 7 


5 

18*0 

0 

1*65 

1 *76 

yif(. 1, a. 

11 

17-3 

0 

8*05 

1-8 

6 

17*3 

0 

7*4 

17 


3 

i 17 7 i 

18 

6 *15 

1*65 

Fig. 1, h. 

7 1 

17 *0 ; 

24 

; 4*95 

1*6 

4 

IB 7 

1 33 

.3 *45 

1*36 

Fig. 1, C-. 

2 

16-1 

44 

I 2*3 

1 *2 i 

8 

16-8 

G3 

1 *65 

1*05 i 


12 

! 18‘2 

B8 

1 *1 

0*7 1 

Fig.l.rf. 

9 

17‘2 

88 

0*B 

0*56 

10 

i 17'4 

101 

1 

0 *4 

0*35 



Table IL—Summary of Series III. 

0‘b3 gramme of cotton covering thermometer C. Saturated air immer* 
feion at t ^ about 6 minutes, slightly increasing with }\ 


Order of 
experiment. 


4- 

t. 

" 

f. 

m. 

Reference to 
figure. 

2 

0 

8 *55 

6 

8-i;5 

17 -8 


7 

0 

H-76 

6 

8-76 

17*8 


3 

0 

8*8 

15 

6*8 

32*6 


4 

0 

8-8 

35 

8*06 

48*3 


5 

0 

8*8 

64 

1*66 

62 7 

Fig. 8, a. 

6 

0 

1 8 7 

in 1 

0*96 

77 *8 


1 

0 

1 8*66 

186 ' 

0*7 

98*6 


8 

0 

! 8*8 

807 i 

0*8 

108 *0 


2a 

17 '6 

1 6*16 

73 

1*2 

i 62*4 

Fig. 2, J. 

Sa 

82 *6 

1 8*86 

78 

1*15 

41*3 

Fig.2,«. 

4a I 

48*3 

1-96 

70 

1*0 

1 28*4 


6a ! 

527 

i 1 *15 

70 

0*75 

19 7 

Fi*.8,rf. 

5b 

82 *4 

i 

j 0*5 

72 

0*5 

12*6 



Under f, in this and the following tables, is ^ven the time at which 
each experiment was concluded; and the corresponding values rf 9^ 
A, and w, are given in the appropriate columns. 
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Deseriplion of Curve Diaprams^ Jige, 1—4.—Curves showing change of tempera¬ 
ture by cotton while absorbing moisture. Time {i) expressed in minutes. 
Tonaperature of cotton (tf) in Centigrade degrees, its initial temperature and the 
constant temperature of the immersion bath being taken as zero. (See Tables I, II, 
III and IV.) 

Fig. 1.—Immersion in water at 16® to 18® G. Cotton *» O'66 gramme* 

(a) Originally dry. 

(ft) Containing 18 milligrtimmcs of previous moisture. 

(c) „ 88 „ „ ,, 

(d) M BH 

Fig. 2.—Immersion in saturated air at 18® 0. Cotton « 0‘63 gramme. 

(a) Originally dry. 

(ft) Containing 17'6 milligrammes o previous moisture. 

(e) H 82-6 

{d) „ 62*7 
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Tabic III.—Summary of Series IV. 

0T)3 gramme of cotton covering thermometer C. Saturated air 
immersion, with better arrangements than in Series III. Bath 
temperature 18'’-0. t ^ about 5^ minutes. 


Order of 
exporiment. 


'■ 

t. 

e. 

A. 

fft. 

m 

(oaled.). 

■ 

7 

' 

0 

Not ronched 

8 

7-93 

14‘8 

12‘2 

11 *6 

6 

0 

8-86 

6 

8-85 

40 ‘2 

19-9 

18 -9 

e 

0 

8*76 

16 

6‘42 

109 ‘7 

88 *3 

38 *8 

2 

0 

8*87 

Ifi 

(5 *12 

117‘5 

85-7 

35 *6 

1 

0 

8*78 

90 

3*90 

180 -6 

48 '7 

48 *4 

4 1 

; 0 

j 8 *95 1 

35 

2*70 1 

197 *0 I 

I 61 *8 

61 ‘9 

H 

! 0 

8 -90 i 

50 

1 *82 

226*4 i 

1 67*6 

68 *4 

a 


1 8 -90 

65 

1 *39 

*262 ‘4 

i 65 0 

64*6 

7a 

1 12*2 

6 -92 1 

6 

0 

— 1 

1 16*4 1 

— 

6a 

' 19 -ft 

i 6 ‘90 : 

8 

0 


! 18 -6 i 


6a 

38*3 

; 3 *32 ; 

; ^ 

0 

— 

1 ! 


4a 

61 S 

1 ‘78 i 

<5 

0 


5 *3 ! 

,— 

Sa 

<55 (f 

1 00 

6 

0 


3 6 1 

*“' 



Fig. a.—Irmneraion at 18**0 of 0'68 
graramti of dry cotton. 

(а) In water. 

(б) in saturated air. 


Fig. 4,—Immersion of O'53 gramme of 
dry cotton in saturated air. 

(a) At 26° 0,' 
ih) At 18°'0. 

(c) At X8®'0. 
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The temperature cui’ve of Expei^iment 8 is shown in fig. whore 
the companion curve (a) represents a water immersion experiment 
under otherwise similar conditions. 

In fig. 4, the temperature curves are shown as obtained by 
immersing the dry cotton in air saturated at (a) 25\ (/>) 18“, (c) 12^ so 
as to test the effect of the greater vapour pressure. The following table 
summarises these additional tests. 

Table IV.—Experiments Supiilomentary to Series TV, and with same 

Apparatus. 

Experiment 3 of Series TV included for comparison. No previous 

moistaire. 


, . Bath 

.1 nimersion. 

temp. 

r. 

' : 

i i 

/, 

i. . ’ 

! 

m. 

1 

Watvr.1 18 *0 

i 3*5 

8 -OO 1 

65 

1 

! 0 -78 

1 

Saturated air.! 25 *0 

1 4*8 

10-40 ! 

66 

1 1 -80 

69 -2 

.j is-o 

! 5 *5 

8-90 ! 

f55 

1 -89 

65 -0 i 

„ . 1 12 -0 1 

! a *9 

6 *90 : 

65 

1 '47 

55 -4 1 


Table V.—Summary of Series V. 

0*90 gramme of cotton covering thermometer D. Saturated air 
immersion with improved arrarigemcnts. Bath temperature 25'"‘0. 
T about minutes. No previous moisture. For ^ and w curves, 
see fig. 5, 


Order of 
experixaeut. 

f. 


0, 

i 

1 

m. 

m 

(oalod.). 

7 

Not reached 

2-85 

10*07* 

i 

12*8 

16*7 

14*5 

10 

12 -8 

6*36 

12*8 

' 48*8 

28 *6 

26 *8 

2 

12*8 

6*6 

12*8 

61 ‘0 

27 ‘4 

27 *3 

3 

12 *62 

10 

10 *96 

104 *6 

89 *8 

39-3 

16 

12 *62 

10 

11*25 

103 -6 

39-4 

39 -3 

4 

12 *60 

18 

7*60 

177 *4 

58 *0 

54*5 

5 

12 -68 

18 

7*67 

178 *9 

63 *8 

54*8 

12 

13-00 

18 

7*77 

183 *4 

55*7 

66 *2 

1 

12-68 

80 

4*78 

268 *0 

72 *6 

71*0 

6 

12 *58 

30 

4*44 

245*6 

68 *5 

68*7 

16 

12 -68 

30 ; 

4*70 

252 ‘4 

68-8 

70 *8 

8 

12 *63 

45 

2*96 

300*0 

80*9 

81 *3 

9 

12 *68 

60 

2*18 

889 '4 

90*2 

90*6 

n 

12 *80 

80 

1*74 

382*6 

103 *8 

101 *4 

13 

12 *80 

80 1 

1*68 j 

882*0 

108 *7 

101 *2 

14 

12 *80 

80 1 

1*82 

893 *1 

101*7 

104*2 

17 

12 *54 

320 1 

1*)2 1 

426 *8 

114*7 

112*0 

18 

12 *80 

180 

0*86 1 

508*8 

180*8 

183 *2 

19 

13 *00 

360 : 

0*40 

608*8 

169 8 

158*7 

20 

12 *72 

720 

0*22 1 

728*8 

187*9 

188 *3 
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The TeirvperQMifre Curve, 

In all the experiments this curve is obviously of such a form that, 
for any given value of 0^ there are two lvalues, eay /i on the ascending 
slope, and 4 on the doscpnding slope; and when 0 has its maximum 
val\ie ^ t 2 t). 

Inspection of any of the curves representing experiments in which 
previously dry cotton was immersed, either in water or in saturated 
air, brings out two relations which hold good with approximate 
accuracy. The first is that the two times for any given B vary inversely 
as one another, or 

hk — . (I)» 


a being necessarily equal to 

The second is that 0 varies inversely as the sum of its two times, 
or 

. (II), 

and the value of h is necessarily 2 t</). 

Selecting Experiment 20 of Series V to illustrate these rules, we 
find that a does not vary more than about 2 per cent, on either side of 
the value 30*8, and that 6, which is 141’2 when 0 is at its maximum, 
rises as 6 falls to about 152 and then falls again towards its original 
value. Similar, and sometimes greater, deviations from constancy are 
shown in all the experiments. 

Equations (I) and (II) can evidently be combined to give one which 
approximately characterises the whole curve, viz,: 

. (Ill), 

where t is any time, 0 has the corresponding value, and a and h must 
have the values already assigned to them, viz., a « and 6 ** 

It follows that the whole course of any such curve is definable in terms 
of the special values assumed by t and In other words, a “ law of 
corresponding states ” is arrived at, which may be most simply expressed 
by giving to Equation (III) the form f/r + t/^, or may be put in 

words as follows ;— 

The temperatime curves for all experiments, whatever the conditions, 
should be superimposable if in each case the 6 values are expressed as 
fractions of ^ and the t values as fractions of t. 

This suggests a method for comparing the curves for water immer¬ 
sion and saturated air immersion more exactly than can be done by 
mere inspection. The results are shown in Tables VI and VII. li 
each of these the fourth column contains the same selected values of 
and the first column contains the corresponding actual values of 
0, The figures in the second and third columns respectively show the 
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times at which these S values are obtained on the ascending and 
descending slopes of the curve, and the fifth and sixth columns show 
the corresponding values of tjr. All the B and t values may be taken 
as experimental numbers, having been found by careful interpolation 
from the recorded readings. </> is the result of actual observation ; but 
T is from its nature not sharply defined, foi* the temperature always 
remains sensibly constant at its highest point for a consideralde fraction 
of a minute. The values of t used in the tables, and shown at the 
head of the second and third columns, wore therefore obtained by 
plotting the arithmetic means of and U for 6 values in the immediate 
neighbourhood of ^ and then slightly extrapolating the curve so formed. 
No appreciable error is introduced by treating this short ]>ortion of the 
curve as a straight line, though in fact it is part of a rectangular 
hjrperbola. Practically the same r value is obtained b}^ assuming that 
it is the geometric mean of the /j and U of any closely contiguous 
6 value. The r so found is of course well within the limits ]>re8cribed 
by actual observation. 

For the comparison of saturated air immersion with water immersion, 
the figures in the fifth and sixth columns of Tal)lo VI should be read 
together with the corresponding figures of Table VIT. The differences 
are such as would be accounted for by comparatively small experi¬ 
mental error, and are indeed not greater than might occur in a similar 
comparison of two saturated air tests. The results point therefore 
to the identity of the effects, and so of the causes at work, in the 
two cases. 

For a comparison of either case with the results indicated by the 
Equation (III), the figures in the last four columns of Tables VI 
and VII may be read with the calculated values shown in Table VIIL 
It is evident that there are greater differences between the calculated 
and found values than between the found values of saturated air and 
of water immersion, and that the tendency in ])oth cases is for the 
smaller tjr to be in practice a little too small, and the larger tjr to be a 
little too large for the theory, while their product still remains of 
practically unit value, as indicated by the equation. Buch differences 
are somewhat more strongly markec^ when the experiments at the 
lower bath temperature (Ifi**) are studied in the same way; but here, 
again, the close similarity between the water and saturated air tests]is 
conspicuous. Whether the agreement between the equation values 
and those of the experiments would be improved by elimination of 
such errora as may arise from the short initial exposure of the cotton 
to outside air, from the lag of the thermometer, or from other causes 
(some of which may work in opposite directions), it is impossible to 
say without further data. 
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D$$or^H(m of Fig, 6.-" Curves showing behaviour of 0*00 gramme of ootton 
originolly dry. Bath temp<srature, 26°‘0 in all cases. (See Tables V, VI and VII.) 

A. Absorption curve in saturated air bath up to 12 hours. Moisture absorbed 

(m) in milligrammes. 

B. Temperature curve corresponding to A. 

C. Tito early part of curve B on an enlarged time scale. 

B, Temperature curve obtained by immersion in water | otherwise sanio as 0. 


Table VL 

Saturated air immersion at 25^ 0*90 gramme of cotton. 


e. 



e 

y 

r 

/a. 

r 

T’ 

2t0 

12 -72 

8*65 

6*55 

1 

1 

1 

1 

1 

12*08 

3 78 

8-27 

0 '95 

0 *68 

1 *49 

1 *01 

1-03 

IX -45 

3*22 

9-70 

0-9 

0*68 

1 *75 

1 *01 

1*06 

10*18 

2*60 

12 -37 

0*8 

0*45 

2*28 

1 

1 -07 

8*90 

2*07 

16*17 

j 0*7 

0*87 

2*72 

1 *01 

1 1 *08 

7*68 

1*85 

18*26 

0*6 

0 *30 

3 *29 

0*98 

108 

«*36 

1*87 

22 10 

0-6 

0 *26 

3*95 

0*98 

1*06 

6*09 

1*08 

27 *86 

0*4 

0*19 

6*02 

0*98 

1*04 1 

8*82 

0*85 

87 *8 

0*8 

0*15 

6*72 

1 *03 

1*03 t 

2*64 

ro * 58 ) 

66 ‘6 

0*2 

( 0*101 

10 *2 


1*08 i 

1*27 

(0 * 28 ) 

117 *2 

0*1 

( 0 * 05 ) 

21*1 

— 

1*06 , 


Table VIL 

Water immersion at 25*’. 0*90 gramme of cotton. 


«. 

fi* 

/j. 

e 

4' 

A. 

r 

— 

r 

tiXtj 

T« • 

t' 'Sr7. 

12 

8*20 

3*80 

1 

1 

1 

1 

X 

11*4 

2*16 

4*72 

0*95 

0*67 

1*48 

0-99 

1*08 

10*8 

1*82 

6*62 

0*9 

0-67 

1-76 

1 

1-04 

0*6 

1*48 

7*85 

0*8 

0*46 

2*27 

101 

1*09 

8*4 

1*13 

9*08 

0*7 

0*86 

2*82 ! 

1 

1 *11 

7-8 

: 0-08 ! 

11*1 

0*6 

0*29 

8*47 

1*01 

1 *18 

6 

0*77 

18*7 

0*6 

0*24 

4*88 

1*08 

1*18 

4*8 

0*60 

16 *8 

0*4 

0*19 

5*25 

0*98 

1*09 

8-0 

0*47 

81 *8 

0*3 

0*16 

6. 81 

1 

1*04 

8*4 

(0*88) 

81-6 

0*8 

(0*101 

9*88 

—« 

1 

1*2 

(0*16) 

66 

0*1 

(0*05) 

20*6 


1*04 , 
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Table VIII.- 

-Values Calculated from the Equation 9 ^ 


B \ 

1 

1 


ti X 


^ j 

r ; 

i 

T 

1 

2r,. 

] 

1 

1 

. 

: 1 

1 

0*95 

0 *72 : 

1*38 

' 1 

1 

0'V> 

0 *63 

1 *00 

1 

1 

0-8 

0*50 

2 00 

: 1 

1 

0‘7 

0*41 1 

2*45 

i 1 

1 

O'H 

0 *33 I 

3*00 

1 

1 

0*5 

0*27 ; 

3 *73 

1 

1 

0*4 

0*21 

4*70 

1 

1 

0*3 

0*15 

6 *51 

1 

1 

0*2 

0 *10 i 

9*90 

1 

1 

0*1 

0 *05 1 

19*95 

1 

1 

1 


One charactei’istic feiiture of t)he temporaturG curve in every case, 
and well shown in fig. 5, B, is the rapid approximation of the cooling 
portion to the form of a rectangular hyperbola. ITiis is indeed 
indicated by Equation (III), since, when i is large enough ajt is 
practically negligible, and « b. The temperature of the cotton, 
therefore, cannot in any finite time return absolutely to that of its 
environment. This points, also, to there being no finite limit to the 
vapour absorption process which is the cause of the heat supply—a 
result which will be diacussed later. Meantime, it may be noted that 
both the temperature effect and the progress of absorption are still 
distinctly manifest after 12 hours, and could certainly be followed for 
days if necessary. 

The temperature curves showing the effects of previous moisture 
(figs. 1 and 2) may evidently be regarded, in respect to their down 
slopes, as representative of later portions of the dry curve, for they 
could take their origin from such times as would account for the 
absorption of so much previous moisture in the same environment. 
Thus the curves h, c, d (fig. 2) would start at 6, 15, and 64 minutes 
respectively. Even then, however, the new curve would at its highest 
point fall below the original one, and the two would never really 
coincide afterwards. Thus a permanent interference with the normal 
course of the temperature is caused by interrupting the absorpMon 
process, and again resuming it after the cotton has cooled in its closed 
tube, and this must naturally react to some extent on the subsequent 
absorption rate. 

The Abeorption Ou/rve* 

The best and most numerous m date are those for Series V 
{Table V), and the curve for these is shown in fig. 6, A. In 
plotting it, the mean m value has been used in oases where there 
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was more than one determination. The curves for earlier series are 
similar, as far as they go. The absorption occurs rapidly at first, and 
proceeds with diminishing velocity, but the evidence does not point to 
even practical finality being reached for many days, and tliere is no 
theoretical limit to the process. Like the 0 curve, that for dmidt 
would evidently show an asymptotic approach to the / axis. For 
comparison, the complete 0 curve for the 12-hour experiment of the 
series is shown on the same plate (B) as the m curve (A). It is very 
evident that the moment of maximum temperature marks but a small 
advance in the progress of absorption, and that the heating effect of 
the latter must be continuous throughout, and would continuously raise 
the temperature if not counteracted. 


lidoMon of the Tentj^emture^ 'Tinu^ aiut^ Ahmrptimi Valuea. 

The net rate of gain or loss of heat by the covered thermometer at any 
moment must depei^d upon both the rate at which it is receiving heat 
from the vapour condensation, and the rate at which it is losing heat 
by radiation, convection, and conduction. If it bo assumed (1) that 
the heat received is directly proportional to the weight of ujoisture 
condensed, (2) that the rate of loss of heat due to the above causes 
is directly proportional to the difference of temperature between the 
thermometer and its environment (assumptions which the results will 
justify later), it follows that 

dmidt ^ cO-^kdOldi . (IV), 

where t, ?ind B have the same significance as before ; c is the 
normal heat loss by the covered thermometer, due to radiation, etc., 
per unit 0 per minute ; k is the heat capacity of the same, i.e,^ of the 
cotton and that piirt of the thermometer which is directly affected; 
and the unit of heat adopted is that quantity which is rendered 
available by the absorption of 1 milligramme (unit m) of moisture by 
the cotton. 

From Equation (IV) it follows by integration that m - c \ Odt-^ kSt 

Jo 

or for brevity, 

m « cA-rke . (V), 

a result which is manifest when it is considered that the total heat 
received by absorption from the beginning of any experiment up to 
any stated time is represented in part by the total heat lost within that 
time, and in part by the amount still retained by the covered ther* 
mometer in excess of its original heat contents, and also that the total 
heat lost is proportional to the average 0 and the whole time, the 
product of which is A, 

It is evident that, while c is a constant (by hypothesis) tihroughoat 
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any series of tests performed under similar conditions, h is from the 
very nature of the case a variable; for it must increase gradually in 
proportion to the vapour absorbed. As a fact, however, it will be 
shown that the erroi' arising from a neglect of this increase of k in the 
application of Equation (V) is negligible, provided that its value near 
the beginning of the experiment be fairly correctly estimated; for it is 
only at this end that hO is at all largo in comparison with rA, and by 
the time that k has undergone any noteworthy increase kO itself may 
be regarded as a mere correction. 

The values of c and k may be deduced from the experiments them¬ 
selves in the following manner:—Tn the first place, since at the 
turning point (when 0 — </> and f = r) ddjdt ~ 0 , it follows from 
Equation (IV) that here cd = dmjdt. This value of dm/dt cat^ easily 
be got with fair accuracy by measuring the slope of the nt curve at 
the time t ; hence, c is approximately detennined. But a more exact 
value can be obtained by measuring A for a long experiment in which 
0 has become a mere fraction of V and A is very large, so that k$ 
may be fairly neglected in Equation (V), The value of c being fixed, 
that of k (taken ns constant) follows by applying this equation to 
experiments of short duration. The following case serves for illustra¬ 
tion :—The m curve for Series V, in which r =* 5’55 and </> 12*72, 

gave about 3*1 as the value of dmidf at 5*55 minuteH ; hence, 
3*1 

r ^ 0*25 approximately. Experiment 20 of the series showed* 

m 187*9 in 720 minutes, when d was only 0*22 and A was 723*3; 

187*9 

hence c == *^ 03 ^ value was found to give very 

consistent results in tlie other experiments if k were taken as having 
the value 1 * 1 . The figures in the column headed m(calcd.) in Table V 
were got from these values of c and k. In the case of Series IV 
(Table III), where a different thermometer and less cotton were used, 
and where the atmosphere of the bath (saturated at 18'* instead of 25’) 
was less moist, slightly different figures were required, viz., e 0*25 
and k « 1*0 

If the 0 curve were rigorously defined by Equation (III), it would 
follow that A ^ ^ and 6 « could be calcu¬ 

lated from the time by the equation 

m - log,-— 

which involves the three conatonts, o ( t* of the 0 carve), jjte, and 
a. As a matter of fact, a very fair approximatico to the aotnal 
m values may be got in this way, though the agreement is not quita. 
ee good as when the measured A and 0 are used, in Whieh latter 
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case also the calculation is independent of any purely empirical 
formula. 


77ui Influence of the Bath Te/nqmatHre. 

The only experiments designed to tost this question were those 
summarised in Table .IV and illustrated in fig. 4. The 0 curves 
are there seen to cross one another on the down slope in such a 
way as to suggest that the rates of absorption, originally higher at 
the higher bath temperature, reverse their order of magnitude not 
long after passing the maximum 0. This conclusion would necessarily 
follow from Equation (IV) if c wore a constant for the three experi¬ 
ments at 12'", 18'", and 25"*, for then cO must he equal for any pair 
at the moment of crossing, and kdOjdt is manifestly of larger negative 
value there for the curve belonging to the higher bath temperature. 
But Cj though essentially a constant unaffected by temperature, is 
known to be susceptible to change if the amount of water vapour 
in the air l)e altered, as is the case in passing from an expeiiment at 
one bath temperature to one at another, and, as a matter of fact, 
measurement of the areas of the 6? curves for 12^ 18", and 25’, and 
compJiriaon of tliem with the actual m values at 66 minutes, show 
that c must be given the approximate values 0-22, 0*25, and 0’27 
respectively. And when this difference is allowed for, it appears 
that the rates of absorption in the three experiments originally 
different approach the same value, but do not reverse their order. 
For a proper investigation of this question complete series of experi¬ 
ments would be required at different bath temperatures, all other 
conditions being the same. 

Maynihide of the Heat Development. 

In the preceding tables there is sufficiently good agreement between 
the found and calculated values of m to justify the statement that 
the two assumptions on which the calculation is based are sub¬ 
stantially correct. It is tolerably certain that neither of them is 
rigorously true, but it may be taken as proved that the heat liberated 
during the immersion of cotton is, for practical purposes, directly 
proportional to the weight of moisture absorbed. This does not 
necessarily mean that there is nothing else to be considered than the 
simple heat of liquefaction. It may bo so, but the condensation of 
vapour may be supplemented by some other process, either exothermic 
or endothermic. The experimental method that has been employed 
cannot properly test the question thus raised, but the following 
rough calculation shows that there can be no very large ilifference 
between the heat of liquefaction and the heat of absorption by 
cotton:— 
vou txxiv. 


V 
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In Series V it was found that k ^ 1*1 in the neighbourhood of the 
maximum temperature. Therefore, from the definition of k the heat 
capacity of the instrument used the heat liberated per milli¬ 

gramme of water absorbed. A measurement of the volume of the 
bulb and also of known lengths of the stem of the thermometer was 
made by weighing it suspended in water before it was covferod with 
eottoti, and the total volume of glass and mercury sTibsequeutly 
covered was calculated from these data to be 0*60 c.c. If the volume 
heats of glass and mercury be both taken as O'IS cal. per c.c., which 
is not far from true, the heat capacity of that part of the thermometer 
which WHS directly affected was 0*27. The specific heat of cellulose is, 
according to Floury,* 0*366, and as the cotton used weighed very nearly 
0’900 gramme, the total heat capacity of the dry instrument may be 
taken as 0*27 4-0*33 — 0*60 cal. The addition for moisture already 
ab8or))ed at the maximiuii temperature is about 0*03 cal. Hence, the 

heat evolved per milligramme of vapour ahsorlxsd is 0*67 cal. 

This is practically equal to the heat liberated (0*576 cal.) when a 
milligramme of vapour at 25“' condenses to form liquid water at 37**7, 
which were the experimental conditions. But the uncertainties 
involved in the above calculation forbid any fiu ther conclusion than 
that already given, viz., that the heat of absorption by cotton is 
composed nmMy of the heat of liquefaction of water.t 

Simimry and IHsamim of Remits, 

In the preceding pages it has been shown (1) that the conspicuous 
rise of temperature which cotton undergoes when immersed in water 
aiKl its subsequent slow fall follow the same course as the similar 
change which results from its exposure to air saturated with water 
vapour, and that both are affected in the same way by previous 
moistiu-e and other conditions ; (2) that in the latter case the heating 
is the direct result of the absorption of the vapour by the cotton, and 
that the two processes cmi be quantitiitively connected; (3) that both 
absorption and heat production continue appreciably for many hours, 
though the rise of temperature is .soon succeeded by a fall because the 
heating effect is counteracted by radiation, etc., and that the evidence 
points to no definite limit to the absorption process; (4) that the 
heat produced by the absorption is of about the same xna^iitude as 
the heat of liquefaction of the same quantity of water, but may be, 
in fact, either rather more or rather less; (6) that in the case of 
immersion in water, though the absorption of vapour cannot bo 

• * Ohom. Soc. Abutr./ 1900, toI, 2, p. 188. 

t Th(i pUenoniona evidently liave their origin in a differenco of phyeieal 
nffinitloA, whioh implies toim dtlTerenco between their hettU. 
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observed, it must certainly occur, and that the air which adheres to 
each fibre and fills all interstices maintains that separation of water 
and cotton surfaces which is necessary for distillation to occur from 
one to the other. 

Two questions remain to ])e discussed, viz., the probable fate of the 
vapour after it has been condensed on the surface of the cotton, and 
the bearing of the concbxsiona here arrived at on the nature of the 
Pouillet effect in goiioral. 

As to the first question there seem to be three possible views. One 
of these—the view that it becomes chemically comlnned to form 
definite hydrates of cellulose- - may be qxiickly dismissed, us there are 
no facts to support it and as the evidence points to the a})sonce of any 
definite limit to the action. The ease with which the action is reversed 
(for the cotton p;irts with practically all its moisture if kept for a day 
at the ordinary temperature over sulpluiric acid) is not by itself 
evidence against tlie clieinical theory, but it may l>e mentioned here. 
At the opposite extreme is the view that tlie condensed moisture forms 
and remains as a liquid film on the surface of the solid. If it is so, the 
film must in time become a substantial one, as the following calculation 
shows. 

The average diameter of cotton fibres varies, according to the 
quality, between 64x10 ’'' and 84 x lO""'inch.* The mean of these 
may be taken jia the most probable average diameter in the present 
case, viz., 74 x 10“^ inch, or 188 x 10“’''' cm. Actual measurement of fibres 
under the microscope led to practically the same result but were not 
numerous enough to give a perfectly trustworthy average value. The 
density of cellulose may l>e taken as 1*525 (Clarke’s Specific Gravity 
Table). The total surface of any given weight (w) of cotton may be 
calculated on the assumption that the fibres are uniform cylinders of 
such length that the ends are negligible, in which case the area is 
4t^/l’525 X 188 X 10 — 1395w sq, cm. If 'm grammes of water be 

deposited on this surface as a film, the thickness of the film is 
w/1395wJ sq. cm. In Experiment 20 of'Series V (Table V) w was 
0*90 gramme and m was shown to have attained the value 0*188 gramme 
at the end of 12 hours. In this case, therefore, the thickness of the 
film would be about 15 x 10"^’ cm. Now Dr. G. J. Parks! concluded 
from similar calculations that in all such cases “ the thickness of the 
surface film varies from 10 x lO**'® to 80x10“^ cm. according to the 
substances used and the conditions of temperature and pressure, and for 
the water film on gbws in saturated vapour at W C. the thickness is 
about 13’4 X 10"* cm.” Hence the film on cotton in the above case 
was considerably outside Dr. Parks’s superior limit, and it had by no 

* Thorpe’* * Diet* of Tochn. Ohem.,’ rol. 1, p. 613. 

t On the XhfokneM of the Liquid Film formed by Condensation at the Surface 
^ a Solid;* * m. Mag.; May, 1903, p. 617. 
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means attained its full growth and, in fact, threatened to increase 
indefinitely. 

It seems prot)ablo, therefore, that the deposited moisture does not all 
remain us a mechanically adherent film on the surface of the cotton; 
and the third hypothesis may he suggested. This is, that it \indergoes 
continuous osmotic diifusion into the substance of the fibre and forms 
with it what may be regarded as a solid solution of cellulose and water. 
Such a solution would exercise a vapour presstire of its own which 
wotdd, at anything less than infinite dilution, bo smaller than that of 
pure water at the same temperature. In a saturated atmosphere there¬ 
fore equilibrium would hover be reached, though the velocity of the 
absorption process would decrease continuously as the solution became 
more dilute. The heat developed locally by the action, i.f!., the heat due 
to the deposition of the liquid plus or minus a small heat of solution, 
would go to raise the temperature of the cotton above that of the neigh- 
bouriTig water by which the vapour is supplied, and would thus tend to 
check the action by increasing the vapour tension of the solution; but the 
natural coaling by radiation, etc., would again act as a counter-chock. If 
phiced in an atmosphere containing water vapour at anything less than 
saturation pressure in the open air) the cotton would, in time, 
reach a sUte of equilibrium either by absorption or by evaporation, 
according to its initial condition, and it would part with all its water if 
the surrounding atmosphere were maintained in a perfectly dry state, 
slowly or cjuickly according to the temperature. This is all in accord¬ 
ance with the ascertained facts, and as it is also inherently probable 
that the cotton fibre is permeable by water, the by jk) thesis appears to 
be justified. 

As solids in general have the power of condensing viipours on their 
surface, it was not sui’prising to find a inaiked heat development on 
immersing cotton wool in air saturated with the vapour of absolute 
alcohol, gun-cot toil in air saturated with water vapour, and glass wool 
in the same; but the effect was considerably smaller than when cotton 
wool was immersed in water vapour under similar conditions. In the 
ease of glass wool the temperature curve was taken and weighings were 
made so as to determine the amount of vapour absorbed. The thermo¬ 
meter was wrapped as closely as possible with the material, which was 
secured by a few turns of fine aluminium wire, and the other arrange¬ 
ments were the same as in Series V. The glass wool weighed, after 
drying, T22 gramnu?. The diameter of the fibres was measured under 
the microscope and was found to vary from about 0*001—0*003 cm. 
It would have been necessary to make a large number of moiJBuroments 
U) determine an accurate mean value, but 0*0026 cm, may be taken as 
near the mark; and this, with a density of 2*7, would make the total 
area of surface about 720 sq, cm. or about 0*67 of the area exposed by 
the cotton wool of Series V. The maximum rise was and 2**1 ia' 
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two experimentB, and this was roached in 2 minutos, as nearly as possible. 
The first test was continued for 40 minutes, when about 17 milli' 
grammes of vapour was found to have been condensed; the second 
was stopped at 5 minutes, when about 7 was the weight found. The 
temperature curve resembled that of cotton wool in a general way, for 
it rose steeply to the maximum and showed a ehw descent; but its 
form WHS quite different in this, that it gave not even a rough 
approximation to those rules which [^have been found to govern the 
other case. This fact and the relatively small absorption (allowance 
being made for difference of surface area) are just what might bo 
expected from the presumably impermeable character of glass, as 
here prol)ably the condensed water remains as a mere surface film. 

According to the views already put forward as to the cause of the 
tempei*atui*e change when cotton is immersed in water itself, it seemed 
probable that little or no effect of the kind would be produced by 
immersing cotton in absolute alcohol or glass wool in water, though in 
both cases notible effects followed immersion in the bath of air 
saturated with vapour. As a fact, no change could be observed. In 
the case of glass wool ami water, the test was very carefully carried 
out, and there was not the least sign of departure from the iniSial 
temperature, which w'as that of the thermostat surrounding the water. 
A change of O'"*02 could hardly have escaped notice. Apparently, 
then, the effect does not occur when the liquid is capable of rapidly 
and completely wetting the solid, and thus destroys the air insulation. 
In confirmation, it was found hero, as in the case of absorbent” 
cotton wool Jilraady described, that the thermometer when lifted from 
the bath carries with it a much larger weight of mechanically adhering 
water than comes away with a wrapping of cotton- of tlie ordinary 
variety. 

There is not the least doubt that the thermal effect dealt with 
in this paper is radically different from that investigated by 
Dr. G. J. Parks by the use of precipitated silica and of glass wool* 
and attributed by him to a pressure at the surface of contact of solid 
and liquid. In the first place, the Parks effect is manifested as a 
general rise of tomperattire on mixing the solid and water, and he 
detected it and determined its value by employing the immersion vessel 
as a calorimeter; whereas the cotton wool effect is essentially local 
and would be altogether prevented by any mixing process efficient 
enough to make complete contact between the solid and liquid. In 
the next place, Parks took the nuiximum temperature, reached in 
about 3 minutes, as indicative of the completion of the action, while 
it has been proved in the other case that the action, though leading 
to a maxinium temperature in about the same time, has then but 
Btarted on an apparently endless career. Finally Parks estimates the 

• * PfiU. Mag.,* Anguft, 1902, p. 240, and May, 1903, p, 517. 
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value of his heat production as about 0*001 cal. per sq. cm. of 
surface of exposed glass or silica, whereas it can he shown from facts 
already given that even in the case of saturated air immersion, about 
twelve times this quantity of heat is not generated but transferred per 
square centimetre of cotton wool in the first few minutes when, as just 
stilted, only a small fraction of the totiil action has occurred. As the Parks 
effect is so small it is easy to understand how it escaped observation in 
the author’s experiment with glass wool, already described, whore the 
conditions were altogether unfavourable, having been arranged with a 
different object; for Parks himself, using a larger quantity of material, 
which he gently stirred with about the same amount of water as 
was conUined in the autlior’s immersion vessel, obtiiined a rise of 
only 0"*0]. 

It is difficult to siiy for certain whether the heating effects observed 
originally by Ponillet were d\io to the phenomenon iiwestigated by 
Parks and styled by him the Pouillet effect,” or wore the results of 
action similar to that described in this piiper, or included both. But 
as he heaped his dry solid round the bulb of a delicate thermometer, 
and was careful not to disturb the heap by stirring it after adding the 
liquid, it is unlikely that true contact was established at once and 
completely, and it seems reasonable to suppose that he had to do with 
local he;iting by condensation of vapour. The still more striking, but 
similar observations of Martini* are prolwibly to be explained in 
the same way and not, as he suggests, by the solidificJition of liquid 
water. 

In conclusion, it may be pointed out that the hygroscopic behaviour 
of cellulose and the thermal changes associated with it have a practical 
importance of their own on the side of vegetable physiology, and 
perhaps also in other directions, apart from any interest they may have 
on purely physical grounds. 


• ‘Phil. Mag.’ [6] toI. 47, p. 829; voL 60, p. 618; [6] toI. 6, p. 596. 
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** Enbanced Lines of Titanium, Iron, and Chromium in the 
Fraunhoferic Spectrum.” ]Jy Sir J. Nokman Lockykr . K.C.B., 
LL.l),, F.R.S., and F. E. Baxandall , A.K.C.S. Received 
July 1904 

In previous publications it has been shown that the enhanced lines 
of some of the metals are prominent in the spectra of a Cygni* and 
the sun^s chromospheret, while it is generally recognised that the lines 
in the FraunhcJuiic spectrum art? mainly the oquivalouts of lines in the 
aic spectra of metals. In connection with the work on enhanced lineS; 
it has been noted that souio of them, at least, appear to correspond 
with comparatively weak solar lines to which Rowland has attached no 
origin. With the object of possibly tracing some of the unorigined 
solar lines to their source, a careful comparison has }>een made between 
the enhanced lines shown in the photographic spark spectra of titanium, 
iron, and chromium, and the solar lines. The photographs used for 
this purpose were all taken with a Rowhind grating, under exactly 
similar conditions, and on such a scale that the length of spectrum 
between K and F is about 14 inches (35 cms.). The chemical elements 
named wore first selected for investigation because they furnish by far 
the greater number of enhanced lines which have been shown to occur 
in the spectrum of a Cygiii. It was an easy matter, owing to the 
many solar coincidences with lines of these elements, to adjust the 
comparer! photographs and get the spectrum lines in proper alignment. 

It was found that many of the enhanced lines fell exactly and 
squarely on isolated lines of the solar spectrum, and in these cases the 
solar wave-lengths were adopted, and the identification considered 
established. If, however, for any of these solar lines liowland had 
given alternative origins, special corapiirisons were made of the 
enhanced line photograph and those of the metals given by Rowland, 
Notes were made as to the agreement or non-agreement of the 
metallio lines involved, and also of the relative intensities in their 
individual spectra, so that due weights could be given to the respective 
metallic lines which were thought to conjointly produce compouxid 
solar lines. 

AVhero there was any doubt as to the exact coincidence of a metallic 
and solar line, or whore by the close grouping of several solar lines it 
was not possible to say by direct comparison to which solar line the 
metallic line corresponded, careful measures were made of the metallio 
line, and its wave-length found by interpolation between closely 
adjacent lines of known wave-length. The resulting wave-lengths 


• ‘ Hoy. 8oo. Proe.,' toI. 64, p. 821, 
t * Hoy. Boo. Proo./ tol. 68, p, 178. 
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were then comiwired with Rowland's solar wave-lengths, and in cases of 
close agreement with solar lines it was deemed probable that the two 
lines were really identical. In this connection, - however, the relative 
intensities of the solar and enhanced lines were, to a great extent, 
taken into account in judging whether a solar lino could bo accepted 
as the analogue of a metallic line. 

Tile three elements investigated are dealt with separately. The 
tables show the wave-lengths of the enhanced lines as reduced from 
the most recent and best photographs, their intetisities in spark and 
arc spectra, the wave-lengths of Rowland's solar lines to which they 
probably correspond, and the origins, if any, to which Rowland has 
attril)uted such solar lines. 

The wave-lengths of some of the enhanced lines differ in the second 
decimal place from those published* preriously for the same lines. 
More weight can be given to the present v^ave-lengths, as in the 
photographs from which they have been reduced the linos are more 
sharply defined than in the earlier photographs employed. In the 
case of chronvivim a mvich more extended list of enhanced lines than 
the previous one has been obtained. 

The numbers in the last column refer to the notes at the end of each 
table. 


Titanium. 





Framilioferic liiieB 



1 

A. 

kiiliATicod 

ititeneity. 

(Rowland). 







Rowland’s 

Notes 

Ti lines. 

Spark, 



Tut., 

origin. 

appended. 

Aro, 

A. 




max. 10. 

max. 10, 

max. 1000. 



8813 -54 

4 

1—3 

3818 *54 

2 

C 

1 

3814 -73 

5 

2—3 

3814 -74 

3 

c 

2 

3830 *33 

4 

1—2 

3836 *28 

2 

_ 

8 

3900 -68 

30 

4 

3900-88 

5 

Ti.Fe.Zr 


8913-61 

10 

4 

3918 (SI 

6 

I'i-Fe 

[2] 

3933 16 ; 

4 

trace 

3932 *10 

1 

i Ti 


8987-76 

1 

0 

3987-76 

2 

1 Tip 


4018-54 

5 

1 

4018-54 

4 

1 Ti 


4026-39 

8 : 

\ 

4036 -39 

3 ; 

1 Ti 


4028 -50 

0 

1 

4038-60 

4 i 

i Xi 


4063 -98 

! 6 

tmto 

4053-98 1 

^ 1 

Fe-^ri 

[81 

4055-19 

3 

1 

4066-19 1 

3 

Ti-F^ 


4161 -70 

3-3 

0 

4161-68 1 

4 

4 

4163 -83 

10 

2 

4163-88 ' 

4 

Ti, Or 

ra 

4178 -07 

! 30 

1 

4172-07 ! 

2 

1 Ti-Fe 


4178 -70 

8 

0 

4173-71 , 

3 1 


w 

4174-8(1 

2 

1 0 

4174 -24 

0 



4184-49 

1 

0 ' 

4184-47 

2 ] 


[8] 


• * Roy. Soc. Proc.,* vol. 6$, p. 451. 
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Fraunhoferic lines 



X. 

Knhanced 
Ti lines. 

intensuy. 

(Howland). 







Howland's 

Notes 




Int. 

origin. 

appended. 

Spark, 

Arc, 

X. 




max. 10. 

max. 10, 

max. 1000. 



4227 *46 

2 

0 

4227 -47 

1 

_ 

6 

4290 

6 

2 

42J»0 *38 

2 

IN 


4291 ‘20 

7 

3 

4294 *20 

2 

Ti 


43(X) -21 

6 

1—2 

4300 *21 

3 

Ti 


4302 *09 

1 

1—2 

4302 *09 

2 

Ti 


4808 -OG 

1 7 

1—2 

4808 *08 

! 6 

Fe 

6 

4313 -03 

7 

1—2 

4313 *03 

3 

Ti 


431^-14 

8 

1 

4316 *14 

3 

Ti 


4310 *96 

2 

0 , 431C *96 

1 

Tip 


4321 *12 

a 

1 

4321 *12 

*> 



4880 *40 

2 

trace 

4330 *41 

1 



4830 *87 

2 

trace 

433f) *87 

2 

Ti-Ni 

[9] 

438H *08 

8 

4 

4338 *08 

4 

Ti 

4841 ‘53 


1 

4341 *53 

2 

Ti ? 


4874 *96 

8 

0 

4874 98 

0 

Zr 

[10] 

4387 -01 

6 

trace 

4887 *01 

1 

TiP 

4891 -19 

1—2 

truce 

4391 -19 

1 

Ti 


4895 -20 

9 

5 

4395 *20 

8 

Ti 


4896 *01 

2 

trace 

4896 01 

1 

'I'i 


4899-94 : 

7 

3 

4899 *94 

3 

Ti.Or 

[11] 

4411 -24 

5 

trace 

4411 *24 

1 

Or 

[12] 

4417 -88 

6 

2 

4417 *88 

3 

Ti 

4421 -93 i 

1 3 

2 

4421*93 

00 

Ti 


4443 -98 

9 

4 

4448 *98 

5 

Ti 


4450 *66 1 

8 

1 

4460 *66 

2 

Ti? 
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4401*62 

8 

1 

4484-62 

2 

T4? 

8 

4468 *66 ! 
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4 

4468*66 

5 

Ti 


4488 *49 1 

6 
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4488 *49 

1 

— 


4501 *45 1 

8 

4 

4601*46 

5 
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1. Ti probably true origin. 

2. Ti probably tifue origin. 

2. Ti line and »olar line exaoily coincident. 

4. Solar lino possibly otily partially due to Ti. 

5. Solar line exactly coincident withpTi line. 

6. This pTi line is apparently exactly ooinoident with the Fa line, and solar 
litie is prol^bty compounded of l^th. 

i. Solar line doubtless due to Ti. 

S. Solar line doubtlesa due to Ti. 
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Notes on p Ti-Solar Lines. 

(The figures at the head of each note refer to Howland’s solar lines.) 

[1.] #900*68 (6), Ti*Fe*Zr.—The titanium line invoWed in the solar Hue is one 
of the very strongest in the spark spectrum- The iron line is only a weak one, and, 
in the light of other adjacent iron lines of equal intensity, would of itself only 
produce a solar line of intensity 2 or 3. In apportioning the weights to the 
various elements, which possibly take part in the formation of the solar line, 
sirconium can be almost ignored. There are many far stronger lines of zirconium 
than the one in question which are not represented in the sun at all. It would 
appear, tlien, that the solar line 8900*68 is really made up of the p Ti and Ke linos 
in about e^jual pro^iortions. 

[2.] 3913*61 (6), Ti-He.—It is very doubtful wliethcr Fe takes any part in the 
production of this solar lin<». There is no such iron line recorded by either Kayser 
and Ruuge or Exner and Haschek, and there is no trace of a line in any of the 
Kensington phot-ographs. The titanium line is a very pronunent one in the spark 
spectrum, and quite cajmble of producing the solar line of itself. 

[8.] 4058*98 (8), Fe-Ti.—The iron line is an extren^ely faint one, while the 
titanium line is well marked. The solar line is probably a composite one, but 
more attributable to titanium than iron. 

[4.] 4055*19 (3), Ti-Fe.—The iron and titanium lines are coincident, and 
about equally strong. Bolar line probably due to both, 

[5.] 4168*82 (4), Xi-Cr.—'Both the titanium and chromium lines are well 
marked in their respective spectra. The former swms io be slightly less refrangible 
than the other. The solar line is probably a very close double, and due to both 
Ti and Or. 

[6.] 4172*07 (2), Ti-Fe,—The iron lino is extremely weak, while the Ti line 
is one of the strongest in the spectrum. The solar line is probably due chiefly to Ti, 

[7,] 4173*71 (1); no origin by Howland.—The mean result of two measure* 
ments of this enhanced titanium lino gives X 4173*71. Its identity with the solar 
lin<^ is therefor© well established. 

[8.] 4184*47 (2) j no origin by Rowland.—The published wave-length of this 
enhanced titanium lino was 41H4’40. A re-estimation from a later grating 
phoh>graph gives as a resulting wave-length 4184*49. Tlicrc is little doubt of 
its identity with the solar line 4184*47. 

[9.] 4380*87 (2), Ti'Ni.—The nickel line is an exceedingly weak one, and it is 
doubtful whether the solar line is partially produced by it. Roadand, in a foot¬ 
note iu his * Tables of Solar Wave-Lengths,’ says: This is a weak, hazy, nickel 
Imc. It is on the red edge of the solar line, and the Ti line is nearer the centre.” 

[10.] 4il74’98 (0), Zr.—The published wave-length of the enhanced titanium 
line WHS 4374*90. A re-estimation from a better photograph gives 4874*99. It is 
probably identical with the weak solar line 4874*98, which Rowland ascribes to Zr. 

[11.] 4399*94 (8), Ti-Cr,—The chromium line, although apparently coincident 
with the titanium and solar lines, is a very weak one. On the other hand, the 
titanium line is quite well marked. Tho solar line is therefore probably due 
chiefly to titanium. 

[12.] 4411*24 (1), Or,—He^measurement of the proto-titanium line gives 
X 4411*24, It is apparently coincident botli with the chromium and solar lines. 
The chromium line is a weak one. whertMis the titaninm line is well marked, and 
there is little doubt that, the tolar line is partially, if not chiefly, due to titanium. 

^ 46^*^ (1) } Rowland.—Tho published ware-longth of the 

enhanced titanium line was 4529 60. Be*measurement from the latest grating 
photograph gives X 4589*66. It is doubtfhl which of two soh» lines, 
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4629*78, fcho titanium line represents. It is quite possible that the latter Is a very 
olose double, and may account for both solar lines. 

[14.] 46H4'14 (6), Ti-Oo.—Both the titanium and cobalt lines are well marked 
in their respective spectra, and there is little doubt that the solar line is com¬ 
pounded of the two. 

[15.] 4649'81 (6), Ti-Co.—The titanium end cobalt lines are apparently 
coincident, and as each is a strong line in its own spectrum, the solar lino is 
probably compounded of both in about C(iual proportion. 

[16,] 4764*11 (4), Ti-Ki.—Tl»e enhanced titanium line is a very weak one, and 
the probability is that Ni is the chief origin of the solar lino. 
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1. Probably ^ cnlianced Fe line, in addition to Mn and Or.. 

2. Solar line probably due partly to p Fe. K and K*i A 4055*68 (4). 

3. Solar line probably ooYnpounded of the pFe and Mn lines. 

4. The p Fe line is apparently slightly more refrangible than solar line 4462'd7. 

6. This p Fe line is probably identical with Rowland’s solar line 4522*81 rather 

thmi with 4522'60, to which he gtveh a Fe ? origin. 

Notes on Certain p Fe-Solar Lines, 

[1.] A 4238*33 (4).—This solar lino was ascribed by Rowland to Mn-Fe in his 
“ Preliminary Table of Solar Wuvo-lengtbs.” In tic rorised table* the Fe origin 
is discarded and the sole origin given as Mn. There appears to be, however, no 
evidence for the line being due to manganese. There is no trace whatever of a 
line in this position in any of the Kensington plmtographs of the manganese 
spectrum, and no sucli lino is given by Hesselbergf in hU comprehensive list of 
maagavioRc arc line*. A.ltUougU the arc line of iron at the corro»]>ondit^g wave¬ 
length is exceedingly weak—in many photographs it does not occur at all—there is 
no doubt about there being a prominent line in the tipark spectrum. The solar 
line in question is probably due solely to iron, and is the counterpait of the 
enhanced line of that metal. In a Cygni the line 4233*33 is quite an outstanding 
line and one of the very strongest in t!ic speetruin. 

[2.] 4351*93 (5), Cr. —Tljis solar line is ascribed by Rowland solely to Cr. 
Although the chromium line is a moderately strong one it is scarcely likely that its 
solar c<iuiT.ilenfc would be as strong as that of the chromium line 4289*89, one of 
the very strongest lines in the spectrum of that clement. The two solar lines 
mentioned being, however, of the same intensity, in all probability that at 
A 4351*93 is jmrtially duo to some other element. The strongly enhanced Fe line 
4351*93 is apparently exactly coincident with the Cr line, and as other similarly 
cuhancod Fe lines occur amongst the Fraunhoferic lines it is projjiable that the 
solar line in question is oomj>ound©d of the iron and chromium lines. 

I ti a Cygni tliero is a corres[)ondjng welbmarked line w hicli, in the light of the 
complete absence from tho stellar spectrum of chromium arc lines, can only be 
attributed to proto-iron. This is the more likely as the other enhanced lines of 
iron arc so prominent in tho a Cygni spectrum. 

This line in stellar spectra htis boon attributed by Bclieiner to the magnesium 
arc line 4352*98 and on its behaviour with respect to the stellar representative of 
the charucteristio spark line of magnesium 4481*8, he has based oonolusionsj on tho 
relative tenqHiratures of the absorbing atmospheres of various stars. Such oon- 
olusions are not trustworthy, as the origin of the line is obviously not the some in 
all stellar spectra. In stars of the solar type the line is probably of a complex 
origin, O 4351'93, Mg 4852*08, and p Fe 4351’98, all being involved. In higher 
temperatures stars like a Cygni, Sirius, and liigel there is abundant evidence in 
favour of a proto-Fe origin and little or none for either clurominm or magnesium* 
Thus, ot her lines of Cr and Mg, which are similar in intensity and behaviour in 
their re«j»ecbiTe spectra to those mentioned above, are all unrepresented in these 
•tellar spectra, whereas all tho enhanced Fe linos of similar intensity and 
behaviour to tlie line 4851*93 arc strongly represented in the same stellar spootm. 

[8.] 4629*62 (6), Ti-Co.“It is doubtful whether the Ti and Co lines are eoUeo- 
tively strong enough to account for tlio intensity of the solar line. The equally 
strong Co line 4663*59 only furnishes a solar line of intensity 0, and the stronger 


♦ ‘ Ast. I*hys. Jour.,' rol. 6, p. 884, 1897. 
t ‘ Kongl. Sr. Vet, Akademiens Handlingar,' Bd. 80, No. 2. 
X * Ast. and Ast. Phys.,’ vol. 13, p.*56ft. 
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Ti line 4623*28 oorroapauda to a aolar line of intensity 2. It is soorcely likely, 
then, that the sxiperjwsition of the Ti and Oo lines at 4620*60 would produce a 
solar line of intensity 6. The proto-iron line at the same ware-length probably 
supplies the deficiency in intensity. The enhanced line of iron 4516'51, whioli is 
of about equal prominence as 4629 60, has an oquiriileiit solar lino of intensity 3, 
and if the p Fe line 4629‘GO of itself jirodiiccs a similar solar line, thou the 
intensity 6 of the solar 4629*60 conM be eaf«ily accmintod for. In fact, it is quite 
])robable that the solar line in question is built itp of the linos at the same ware- 
Icngth belonging to Co, and p Fe, and that the proto-iron line has, if anytliiug, 
the gnintest share in its produolion, 

1'bere is a fairly good corresponding lino in the ohromosplierie spectrum, and, in 
the publication ()f eclipse results by various observers, the origin of tbo lino is 
invariably given ns I'i-Oo, presumably because they have establislied its identity 
with tbc Fraunhoforic line and accepted BsiwlantVs origin as a correct and 
sunUdent one. In the chromosphere it in probably cluefiy due to p Fo, as the 
ordinary Ti and Co lines arc there only weak, while the enhanced iron lines are 
well marked. There is al^o a corresponding line in the Mpoctrum of a Cygui* 
Here, however, the origin is evidently proto-iron only, as tin? arc lines of cobalt 
and titanium arc entirely missing from the atellar Hjicctrum ; whereae nearly all 
the proto-iron lines arc well seen. 
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Chromium— contintied. 
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1. Ve line andp Cr lines apparently cmneident. Solar line probably compounded 
of both. 

2. p Cl* nnd Si lines exactly coincident. Solar line probably duo to both, but 
mostly to Si. 

3. Solar line probably due more topCr than Fo. 

4. p Cr line jioeaibly double. 

5. Solar line possibly duo partly to some other element. 

6 Solar line piobably ooiiii>oundod of Fo and p Cr lines. 


Notes on Certain p Cr-Soiar Lines. 

[1.] A3970‘tjG, Go (4).—This enhanced line of ehromium is apparently 

coincident witli a cobalt line, and also with the solar line \ 3979 664, to which 
BowUnd assigns a cobalt origin. As the adjacent cobalt line 3968 07 ie quite as 
strong as 8979’66, and only furnishes a solar line of intensity 2, it is not probable 
that tlie solar lino corresponding to 3979*66 would be of intensity 4, unless a line 
of some other oleineut were involved. It is very probable that the solar line in 
question is compounded of the p Cr and Co lines. 

[2.] A 46.1897, Fe (4).—This strongly enhanced Cr line is apparently 

coincident with Die solar line 4618*97 (intensity 4), Howland’s origin for which 
is Fo. The nearest lino of iron to this in Kaysor and Runge's list is 4618*88 
(2). Assuming that this is identical in position with the solar line, its intensity 
is far too low to account for the solar intensity. The closely a<3jacent iron 
line 4019*40, which is of intensity 6, gives a solar line of intensity 3, so that it it 
very improbable that the far weaker iron line 4618*21 will produce a solar line of 
intensity 4. There is little doubt that the solar line 4fil8*97 is chiefly accounted 
for by the strongly enhanced chromium line, but the iron lino at the eame 
position probably adds slightly to the solar intensity. 
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Fraitnhoferic Lines due to p Ti, p Fe, or p Or. 

The following table contains the Fraunhoforic lines which are, 
as a result of the present discussion, considered to be due, either 
wholly or partially, to onhaneod lines of tiUinium, iron, or chromium. 
Rowland’s wave-lengths have been adopted with the modification that 
the last figure in the decimals has been dropperl, and the numbers 
given to the nearest second dedmal. In such an inquiry as the present 
one, this can lie done without affecting the validity of the results. In 
the first place, the spark lines are generally of a wider and hazier 
nature than the arc lines, and consequently their wave-lengths cannot 
be estinnited to as great a degree of accuracy. Again, the conclusions 
as to the identity of the solar and enhanced liiies are not based on one 
or two coincidences only, l)ut on the apparent agreement of a whole 
series of linos for ciich element. 

It will be seen that some forty-two lines which were unongined by 
Kowhuid are hero attributed to proto-titaniurn, proto-iron, or proto- 
chromium. Compared with the host of lines in Rowland’s tables 
this may seem a very insignificant number, but the importfinco of 
establishing tlieir origins does not lie in their number, but in the fact 
that they are lines of a special nature, and just those metallic lines 
which are prevalent in the spectra, of the higher tem|.>erature stars, such 
as a Cyg!ii and Sirius, to the exclusion of the groat majority of the 
other solar lines. 

The enhanced lines have previously been identified with stellar 
lines, which in such stars as a Cygni, Sirius, and Rigel are of a more 
isolated nature than in the solar spectrum, and if the same lines can 
be established as occurring in the solar spectrum it at once standardises 
the wave-lengths of many stellar lines, and will thus be of importance 
in any stellar inquiry in which it is necessary to have accurate wave¬ 
lengths for the spectral lines. 

In some cases it has been found that there is no justification for 
the origin given by Rowland, Those, however, are very few, and are 
indicated in the notes appended. 

In others, Rowland's origin does not appear to be a sufficient one, 
that is, the intensity of the solar lines cannot be adequately accounted 
for by the lines of the elements to which he ascnlujs them. In such 
cases it is probable that the solar lines are due partly to the arc 
lines of the elements quoted by Rowland and partly to the enhanced 
lines of either Fe, Ti, or Cr, which occur at or very near the same 
wave-lengths. 

A glance at the table will show that for many lines the same element 
is given in the two columns for origins, the Kensington origin having 
the prefix **p.” This simply means that there is an enhanced line 
of that paiticular element at the given wave-length, which is not 
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entirely absent from the arc spectrum, and that Rowland has identified 
the solar lino wnth the are equivalent of the enhanced line. Seeing, 
however, that most of these lines occur in stellar spectra, where hosts 
of stronger arc lines are missing; it will, perhaps, be more appropriate 
to designate them as of a proto-metallic origin even in the sun, 

Solar Lines due either wholly or partially to Enhanced Linos of Ti, Fe, 

or Cr. • 
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Solar Lines due to Enhanced Lines of Ti, Fe, or Cr— conimmd. 


»ttuuhofiiri<'; lines (Kowbiud). 


A* 


luU. 

max. 1000. 


Origin. 


Probable origin 
(Kensington). 


Notes 

appended. 


42H'l ■;{s 

2 

1 — 

j p C't* 

4290 -98 

2 

' Ti 

i pTi 

4-294 *20 

2 

L 

1 p Ti 

429H *74 

3 

i‘ — 

1 ^Ko 

4900 -21 

i » 

i Ti 

p Ti 

4902 *09 

! 2 

Ti 

! pTj 

4302 ‘96 

! 2 

1 Fe 

I F e 

4903 *34 

i 2 

; 

p Fe 

4308 *08 


Fe 

Fe p Ti 

4913 *03 

3 

j Ti 

i P Ti 

4316 -14 

8 

, Ti 

W'i 

4310-90 

1 

i Ti P 

i P 'i'i 

4321 *12 

I ^ 

, — 

i P Ti 

4380 -41 

1 1 


! p Ti 

4390 ‘87 

' 2 

Ti-Ni 

; P Ti 

4338 -08 

4 

Ti 

i p Ti 

4341 '53 

2 

Ti y 

p 'J'i 

4344 ■ 

2 

Ti 

pTi 

4361 ‘00 

1 

Ti 

p Ti 

4361 ‘93 

6 

Cr 

Cr p Fe 

43G7 *84 

2 

Ti 

p Ti 

4374-98 

0 

Zr 

p Ti 

4886 *56 

2 


;>Fe 

4387 *01 

1 

Ti? 

pTi 

4391 *19 

1 

Ti 

p Ti 

4396 *20 

8 

Ti 

P Ti I 

4396 *01 

1 

Ti 

l^Ti 1 

4399 -94 

8 

Ti-Cr 

p Ti Cr ; 

4411 *24 

1 

Cr 

p Ti Cr 

4^117 -88 

3 

Ti 

;>Ti 

4421 -98 

00 

Ti 

p Ti 

4448-98 

5 

Ti 

P Ti 

4460*66 

2 

TiP 

pTi 

4451 '75 

3 

Mn 1 

Mn p Fe ! 

4464 -62 

2 

Ti Y 1 

p Ti 

4468‘66 

6 

Ti 1 

p Ti 

4488*49 

1 

! 

V Ti 

4489-36 

2 


P Fe I 

4491 -67 

2 

— ; 

p Fe ' 

4601*46 

6 

Ti 

p Ti 

46t)6 *46 

4 

Fe? 

P Fe 

4616 *61 

3 

— 

P Fe 

4620 *40 

3 

Fe? 

p Fe 

4622 ‘81 

3 


p F e 1 

1 Ti 1 

4529 -661 

1 


4629 ‘78/ 

1 


/ ‘ ‘ 1 

4684 14 

6 

Ti.Oo 

)> Ti-Co 1 

4641 ‘48 

0 

— 

p Fe i 

4649*64 

a . 

Fe 

pFe j 

4549*81 

6 

Ti-Co 

p Ti, Co j 

4565*16 

2 


p Cr i 

4666*06 

8 


P Fe 1 

4666*88 

8 

Cr? 

P 1 


10 


11 


12 


IS 
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Solar Linos due to Enhanced Lines of Ti, Fe, and Cr— mntimtM, 


) . ;■■■“ ..1 

j Fraunhoferic linos (Rowland). | 

rnal“jO(X). i j 

1 [ _ ! 

Probable origin 
(Kensingf^on), 

Notee 
ap}x*nd«d. i 

• 

1 

4G68 *94 

4 

Ti 

;>Ti 


4672 '1(5 

6 

Ti 

i>Ti 


4676 -61 

2 

— 

p Fe 


4584 ‘02 

4 

Fp 

p Fe 

1 

4688 ‘IIS 

3 


p Cp 


4590-38 

3 


p 


4692 -26 

1 

Or 

4'r 


4616 -81 

1 

i 

p Cr 


4618 *97 

1 

Ke 

O 

It 

4629 52 

6 

1 Ti Co 

p Fe. Ti, Co 


4634 *26 

2 

1 

P 


4636 -49 

0 


p Fe 


46B7-38 

2 

Ti ? 

pTi 

) 

4824-33 

3 


ire p Cl* 


4886 -42 

0 

J — 

/.Or 


4848 -44 

2 

j — 1 

p Cr 


4864-51 

1 


f Cr 


4870 -69 

1 

■ 

pCr 

.J 


3. Zr negligible. 

2, No oridenco for Fe origin. 

5. CUiefly due to Mu. 

4. CliioBy due to Mn. 

G. Chiefly due to p (>. 

6. Possibly duo partially to some other < lonieul. 

7. No evidence for Fe origin. 

8. No evidiuire for Mn. 

9. Doubtful which is rtwlly duo tojpCr. 

10. 'Kyideuco for Ni doubtful. 

11. No evidence for Zr. 

12. Chiefly due io p Ti. 

18, Doubtful whicb is really due to p Ti. 

14. Chiefly duo to pK'r. 

liKNKIiAl. CONOLUSIONB. 

As a general siunnmry of the results of the foregoing analysis it may 
be stated :— 

1, The enhanced lines of titiinium and iron are pntctioally all 
represcnteil in the Fraunhoferic spectrum, but in some case^ the 
corresponditig soLir lines are compound, and only pirtly due to one 
or other of these metals. 

2. The corresponding solar lines are, geneially speaking, com¬ 
paratively weak ones. 
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3. The majority of tho chromium enhanced lines occur in the 
solar spectrum, though some appear to be miBsing. 

4* Borne of the Fraunhoferio lines correspond to metallic lines special 
to the spark spectrum, and lacking in the arc, and probably for this 
reason they were left unoriginerl by Rowland. 


“ Air Resistance Encountered by Ib-ojectiles at Velocities up to 
4500 Feet per Second.” By A. Mallock, F.R.S. Received 
November 3,—Read November 17, 1904. 

The work done by Prof, Bashforth on the subject of air resistance is so 
well known that I need hardly refer to it except to say that his results 
have, with minor alterations, been confirmed by subsequent experi¬ 
menters. The greater part of Professor Rishforthos work related to 
velocities under 2500 feet per second, and the object of the present 
experiments was to examine the co-efficient of air resistance at higher 
speeds. 

In the years 1895-97, Major the Hon. T. F, Fremantle and 
Colonel H. Mellish made a series of experiments on the remaining 
velocities of the service ‘303 bullet by shooting into a ballistic pendulum 
from ranges varying from 12 up to 1000 yards. These experiments 
were made with great care, each bullet and charge being separately 
weighed, and from the results which they communicated to me I 
computed the co-efficient of resistance for velocities ranging from 
2100 f.s. to 900 f,s. I suggested then that with light bullets we 
ooiJd probably extend the ballistic tiables very considerably, using the 
pendulum to measure the velocity, and shortly after this we made 
some trials with various aluminium bullets. We found, however, that 
with cordite of the size used for the service charge of the ’3g.3 rifle a 
great part of the explosive was blown out unburnt when the light 
bullets were used. It was evident, therefore, that in order to get the 
velocities we required, a much finer cordite than the No. 3 of the service 
charge would have to be used. We found also that a considerable 
deposit of aluminium was left in the barrel after firing. 

From various causes I have not been able to proceed with the 
experiments until the present year, when having obtained some cordite 
of diameter *01 inch, I again tried aluminium bullets, but the metallic 
fouling proved fatal to accurate and consistent results. I then tried 
shooting with lignum vitae plugs which did very well up to velocities of 
about 2500 f.8,, but at this velocity, sometimes, and generally at 
higher vdodtieB^ the plugs broke up under the action erf centrifugal 
iom. I again^ therefore, reverted to aluminium, but on the bullets 
1 made tiro si^ flg. 1, which were filled with a oomposi' 
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tion of equal parts of black lead and tallow. These bullets answered 
admirably, and in July of the year I completed a series of experiments 
going up to velocities of 4500 f.s. 



Fm. 1.—Aiuminium shot used in air-resistance exjMfjriments. Scale five times 
actual aiio. Weight 23*3 grains. 

The results of these experiments are given in the figs. 2 and 3, 
together with the results obtained from the shooting by Major 
Fremantle and Colonel MelUsh, with the service bullet, and also, for 
comparison, Professor Bashforth^s results. 

Curve A, fig. 2, gives the velocities in feet per second, found at 
various ranges, and curve B, the loss of velocity in a distance of 
5 yards. (It may be noted that at 4500 f.s. the retardation experi¬ 
enced by the light shot used was 205000 feet per second per second.) 
Curve A, fig, 3, gives the deduced resistance (in lbs. per square inch), 
encountered by the projectile, in terms of velocity. 

To determine the resistance of an ogival-headed shot from the 
resistance experienced by a fiat-headed shot moving with the same 
velocity, the resistance of the latter must be multiplied by a co-efficient, 
which is generally taken as 

If the circular edges of the fiat head are slightly rounded this value 
is nearly correct, but I have found by experiment that when the edges 
of the fiat are quite sharp (as they were with the aluminium cylinders 
used), the co-eflicient m rather less than half.* 

In curve B, fig, 3, the co-efficient was taken as and this curve 
represents, at any rate, very approximately, the resistance experienced by 
an ogival-headed shot. Curves C and D, fig, 3, give respectively, the 
results obtained from the experiments of Major Fremantle and Colonel 
Mellish, made with the *303 rifle, and by Professor Bashforth from his 
experiments with large guns, 

* X hope to detemine the true value more accurately than I have hitherto hadt 
time to do. Probably it U not a constant for all veloditiesi hut appmaimete* to a 
ooostant M the velocity inoresees. 
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When it ie considered that the latter were obtained with projectiles 
weighing many pounds, and the others with shot of 23 and 215 grains 
respectively, the close agreement of the resistance curves is very 



satisfactory, and shows in a striking way what can be done with small 
scale experiments when tfee proper scale of dynamic similarity is 
employed, 

The extended resistance curve presents no peculiarities, although it 
can only be expressed at present by an arbitrary formula. But that 
thiA should be so is in itself rather remarkable, for it might well have 
heenex|^ that the resistance would, for high velocities at least, 
to prop^onal to the pressure requisite to cause a gas to discharge 
a hole in a thin-walled vessel at the speed of the shot. 
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Fio, 8. 

z -/cy 



velocity of sound, but the curve represented by this function and the 
curve of actual resistance do not even tend to approximate; 
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“Theory of Amphoteric Electrolytes. Part II/' By James 
Walkkk, F.R.S.> University College, Dundee. Received 
October 19,—Read November 17, 1904. 


In a previouB paper* it was shown that if HXOH is an amphoteric 
electrolyte, it is possible to express the concentration of the various 
ions present in its aqueous solution in terms of the concentration of 
the tjnionised substance, the dissociation coristants of the substance 
acting as acid and as base respectively, and the ionisation constant of 
water. As the expressions obtained will be frequently used in the 
present paper, 1 re[>roduce them here in their original form, suitable 
for calculation when the electrolyte is preponderatitly acid, and also in the 
forirt which would l>e used when the substance is preponderantly basic. 
The active masses of the various subsUuices present at equilibrium are 
represented as below, the dissociation constants of acid, base and water- 
being denoted by kbr and K respectively— 

OH- XOH- HX^ HXOH + X 

h c d n 


a ^ 

/ K +Jv/' 

^ i + A'^'w/K 

. (!)• 

b = 

K/a . 

. 

C =5= 

iff. 


.. 

. \'^/* 


K"“. 

.w- 


- K///. 

. (»'). 

/ K + kkU 

'V r+/:„u/K. 

. (2'). 

= . 

K. 

. (3'). 

- kt,u/h . 

. O'). 


It was further shown that in the case of the amino-benzoic acids 
investigated by Ostwald and by Winkell.>lech an application of the 
theory accounted for the abnormalities exhibited by these acids, and 
in particular led to the deduction of values of the molecular conduc¬ 
tivity which were in satisfactory accordance with those observed. A 
thorough recalculation of the results shows that the more strictly the 
theory is applied the better is the correspondence between theory and 
experiment. Owing to a systematic error in the first calculation, the 
values given for d were, when the ratio A^/K was large, somewhat too 
high, the total concentration = having been taken in the calcula¬ 
tion by inadvertence equal to w + a + d instead of equal to w 4-a-H 2<A. 
The latter result is deduced as follows;—The total concentration, 
corresponding to the composition of the solution as made up in the 

• *Boy. Soo. Proo.," vol. 78, p, 166, 1904* also ‘ ZetUohriffc fiir physikalisohe 
€homie,’ vol. 49, p. B2. 
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ordinary way, is evidently the sum of the concentrations of the 
substances containing X, since this by hypothesis undergoes neither 
association nor dissociation. The totil concentration is therefore 

tj ^ w -f c + dy or y — fi + + 2d, 

since + + and is vanishingly small in an acid solution. 

The following ta)>lo contains the values of a and d multiplied by 
10\ and is an extended and corrected form of the table given on p. 160 
of the original paper*, for w’hich it is to be substituted. 






k„ = JO-'-. 




^,/K. - 

0. 

h,!K - 

■ K 1 

1 h/K 

= 10. 

! hK 

! 

- 100. K « 1000. 

i\ i 




.... I 

1 



j ! 


1 

d. ' 

1 

o. 1 

1 

d. 1 

1 

j 

d. ' 

«. 

1 d, 1 a, ' <h 

\ ^ 1 

_ 

1 1 

816 i 

«i 

\2U i 228 

05 -3 

984 

31 ‘5 

2960 j 9 ‘99 1 8330 

K) 

100 1 

0 

; 95 ' 

8*r> 

70 *5 

69 *0 ! 

30*1 

283 i 9 “94 ; HSO 

liX) 

31 *2 i 

0 1 

! 31 *0 i 

0*3 

2ft'7 ! 

! 2 -9 ! 

22 *0 

20 *6 >9 ‘44 ! 79 

1,(»00 

9*5 ! 

^ i 

0 -5 ! 

0 0 

9-4 i 

i 0-1 1 

! 9'OB 

0 ‘8 : B *73 5 ‘5 

I 

2 *711 

0 1 

2*71 

0-0 

2 *70 1 

0 -oil 

2*fift 

0'02! 2 *61 i 0 *18 


ITiis table shows even more plainly than the original one the 
peculiarities noted in the previous paper. When the numbers it 
contains are used to calculate the apparent dissociation constant /’oi ^t 
is found that the values up to 10 undergo no alteration (p, 162), 

The new values for the other ratios are as follows :— 


^:ox 10^ calculated from a « a + ri/5 and a ^ rt + d/6. 


1'. 


100. 

Jv.iK - KMX). 

a + (//6, 

a + rf/6. 

ti f//5, 

a d 6. 

10 

0*756 

0 *602 

.3*16 

2 *22 

100 

i 0*700 

0 *662 

0 B5 

0*52 

1000 

1 0*986 

1 0 930 

0 07 ' 

0 *63 


These numbers are only slightly different from those previously 
obtained. 

Turning now to the calculation of for the amino-beiusoic acids* the 

• ZfWf. citf p. 168. 
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following improved method of ascertaining the value of the constant 
Zu, which is here not readily accessible to direct experiment, may be 
noted. Previously this value was adjusted to correspond with the 
experimental value of obtained at /’^1024, the greatest dilution 
investigated, for in the cases under consideration the constants and 
ka approximated most closely at this degree of dilution. This 
advantage, however, is more than counterbalanced by the drawback 
that here the experimental errors due to conductivity of the water, 
oxidjition at the electrodes, etc., are at a maximum. In the recalcula¬ 
tion, therefore, the adjustment of the value was made from a 
consideration of the most concentrated instead of the most dilute 
solutions in order that the effect of these experimental errors might, 
as far as possible, be eliminated. This readjustment has in every case 
improved the concordance botwoen the experimental and theoretical 
values of the conductivity, as a comparison of the subjoined tables 
with those previously given (pp. 164-5) will show. 


(>-Amino-beiizoic Acid. 


VK = 112, 4 - 104x 10-\ " - 357, 

/x^HX^XOH- - 70. 




i 

1 

calc. 

«xpt. 

i ^i, X10^, 
calc. 

A*,, X 10 ^ 

Osi. 

^0 X U)\ 
Wink. 

1)4 

24 *0 X 10“» 

1 

89 1x10--H 

7-24 

7'21 

' 0 -66 

0*66 

0*66 

12H 

20*4 

16*6 ! 

10*8 

H)-H 

, 0 -74 

0*74 ; 

0 *74 

25li 

16‘3 

G-6 ! 

K) ‘2 

16*2 

0-H4 

U*H4 

0*84 

512 

12 4 

2 -5 i 

23 6 

28 *6 

! 0*92 

0 *91 

0*92 

1024 

9 1 

1 

0 *80 

83*8 

33*7 

0*97 

0*97 

0*90 


/?-Amino-benzoic Acid. 

hjK - 210, ha, - 1*21 X 10-^ /i^H^,XOH- - 356, 
P,,HX^XOH ■ - 68. 


r. 

a. 

d. 

8, 

calc. 

0«t, 

M, 

Wink. 

K » !<)*, 
calr. 

k, K 10*. 
Ort. 

X 10*. 
Wink. 

32 

22 *3 X 

i«a -«io-‘ 

5 42 

_ 

5*48 

0 74 


0*74 

64 

20*9 

62 *1 

7*48 

7*68 

7*49 

0*71 

0*72 

0 *71 

128 

18*7 

27 '8 

10 *95 

10*86 

11 *12 

0*76 

0-76 

0*79 

256 

J6*« 

11 *7 

16 *42 

16*84 

16 *84 

0*88 

0*87 

0*91 

512 

12 *5 

4*56 

24 *37 

24*24 

26 *29 

0*98 

0*98 

1 *06 

1024 

9*4 

1 *68 

85 *40 

t 

85 *01 

36 *861 

1 

1 *07 

7 *06 

1 *17 
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?/i-Amino-benzoic Acid. 

VK - 1100, ka ** r63x 10“^ /x^H\XOH- » 355, 

yul^HX^XOH” - 66. 


t\ ! 

1 ^ 

I rf. 

1 

1 . 
calc. 

1 1 

1 Ml 1 

Wink. 

Xto X 10‘\ 
calc. 

^0 X lOS 

Wink. 

64 

' ll'76xl0'« 

159 0x10 ® 

1 1 

9-38 

9*80 

1 *12 

1 '12 

128 

11 '57 

77 0 

11 OH 

11*72 i 

i 0*87 

0-88 

250 

' 10 *70 

86*2 

15*84 

10*04 

0*81 

0*84 

512 

9*04 

10 -2 

1 23 *00 

28 40 

0*88 ! 

0*91 

1024 

! 8 '20 1 

0*81 

1 34*40 

35*24 

1 *02 : 

1 ! 

1 *07 : 


Even ill the eafte of the meta-acul, whoi*c the exj>erimoutal ei ror due 
to oxidation is greatest, the agreement is remarkably close. 

Where the ionised projiortioii is great, i.f\, where u is no longer 
approximately equal to >/, the evaluation of the concentrations of the 
various components in the solution is troublesome. In order that for 
any case likely to oec\u*, an idea of the magnitude of u may l>e 
obtained, I ap[M3n<l a table which gives values of ujrf ^ wv, i.e,, of the 
unionised proportion of the electrolyte, under a considerable number of 
different iionditions. 


wr « m/)^ for ka — 


r. 

hlK « 1. 

*./K - 10. 

hiK - 100.1 

-t./K = 1000. 

hIK - 10,000. 

0*1 

0 980 

0-940 

0*833 

0*613 

0*833 

1 

0*980 

0-940 

0 -saa i 

0*013 

oaaa 

1 10 

0 *905 

0-987 

0*833 ; 

0*613 

0*833 

! 100 

0*904 

0-803 

0*822 1 

0*612 

0*333 

1,000 

0*730 

0 -787 

0*707 1 

0 *584 

[ 0 *331 

10,000 

0 *382 

0 -382 

0 *380 1 

1 

0 '864 

1 0 277 

I 


It will l)e noted that the preceding table only gives uv for the acid 
constant ka ^ From the table it is not, how'ever, ditffcult to 

find uv for other values of /:«. If, for example, it is desired to find v 
for a given value of u, we may make use of the following relation, r 
being used to denote the ratio 4/K:— 

a + t; - w ** a + 2rM). 

Now, if we consider another amphoteric electrolyte with another 
but the same kb, we have 


jy' -w « a'(l +2rtt), 
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but since r and ?/ are identical in both equations, we obtain by division 

. a , 

t; -. 7 / 

If we are deixlii]g with an electrolyte of markedly acid chaiacter, we 
nut 3 % in the expression for a, neglect K in comparison with and so 
obtair! 


\/ , «' ^ \/ 


1 + ?*»/' 




k„ 


Finally, therefore, wo have 


i " + \/ r" (V - «)■ 
An 


Given then the values of // and // for one ha, we may easily calculate 
the value of »/ (or of r) for another /;« if u and r remain unaltered. 

One is generally confronted, however, with the converse problem of 
determining n for a given value of but the table may again be utilised 
in virtue of the following considerations. Neglecting K in comparison 
with k'au^ we may write us before 


t] - n ~ a + 2 ( 0 *«, 

or, multiplying both sides by v and re-arranging, 

1 ~ ar 


uv ^ 


I *f 2 m 

Substituting the v'alue of 0 in terms of and the constants, we obtain 


I 

14*2?* 


or 


1 


%iv ^ 


^ 1 + ra 

V J 

^ V H- mt- 


l+2rA/-^ 

^ V + TU'V 


If we now denote the product by jp, re-arrange, square, and express 
iu powers of j?, we obtain as result 

(r - 4* (r 2r - + (r - 2v - p 4 - w « 0. 


• Compare /oc. cit,, p, X66. 



276 Prof. J. Walker. [Oct* 19, 

Finally, if wc denote the reciprocal of ka by and divide througbont 
by \\ we have 





- 0. 


The coefficients of p are hero homogeneous t'unctiorm of r, r, and I of 
degree zaro, that is, M'e do not by alteritig c, )\ and / in the same 
ratio effect any change in the value of jk In other words, if we 
increase the constant ka w-fold, and simultaneously diminish and r (or 
kf,) in the same pioportion, the unionised proportion remains unaltered. 

The following is an example of the employment of the preceding 
table in conjunction with this result. Suppose it is desired to know the 
value of for k'a ~ 100, r' = 10. The table gives the 

values for — 10"^. We must therefore, in consulting the table, 
increase k'f,/K and in the same rations that in which / 'ais diminished, 
that is, we must find the value iu the ta]>le for h/K = 1000 and 
V ^ 100. The number sought is nv ^ mV 0*012, whence u ^ 0*0612. 

The conclusion that the unionised proportion is unaffected l>y a simul¬ 
taneous change of 1/^^, kb, and v in the same ratio is of iin})ortance in the 
discussion of the ionisation of a series of amphoteric electrolytes iu which 
the product k^kb is constant. Ostwald* ascertained that the influence of 
a substituent on the dissociation constants of simple acids is of such a 
character that the constant of each acid is increased or diminished for 
a given substitution in a ratio, which, although not constant for 
different acids, is usually of the same order in a series of similar 
substiinces. The same rule no doubt holds good foi* bases, although in 
this case accurate data arc wanting. At all ovent-s wc know that when 
chlorine is substituted for hydrogen in a simple acid, the dissociation 
constant of the acid is greatly increased, and we also krjow that when 
the same substitution is made in a simple base, the strength of the base 
is greatly diminiahod. Suppose now that the substitution takes place 
in an amphoteric electrolyte. We might expect the primary effect to 
be H considerable increase in the value of ka /ind a corresponding dimi¬ 
nution in the value of />,. This primary effect would, however, in 
many cases be complicated by stereo-chemical influences, and possibly 
by the secondary infl\ience which the change in the strength of the 
acid group might exert on the strength of the basic group, and con- 
vei'sely. Winkelblecli found in opposition to this, that the substitution 
of niethyl for hydrogen in glycine diminished the acidic and basic 
constants simultiineously, and the same is true of the effect of isomerism 
in the amino-benzoic acids. In these examples it may be that the 
primary effect is masked by the superimposed secondary effects, for in 
the analogous C4i8e of the continued methylation of the amino-benaoic 
acids, the acid parent sulistances are finally converted into derivatives 
• ‘ z«it*rhnft fttf phy«ikal. Ohem.,* toI. 8 , p. 171 (1869). 
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of pronouncedly Ivieic character. The deUilcKl investigation of these 
methyl derivatives is at present proceeding in my laboratory. 

Turning now to the theoretical discussion of the simple casein which 
the product lah remains constant in a series of amphoteric acids, we 
find that the dilution at which a given ionisation occurs, becomes 
grwiter as the constants approximate, or, in otherwoi’ds, that at a given 
dilution the unionised proportion ar increases as approaches in 
value. From the table on p. 274 it will be seen that the influence of 
dilutioii on the proportion unionised is comparatively small at ordinary 
dilutions when the value of kf, is considerable. From this it follows that 
in the region considered a ten-fold incrcwisc in ka with a corresponding 
diminution of k(, may have no appreciable effect on the product uv at 
the same although from equation (4) the proportion of H'*' compare^! 
with will be greatly iuoroased. Here then we have with a 

nearly constant nnionise<l proportion, considerable variation in the 
relative proportions of the ions present, not only in the case of 
a given acid at difterenl dilutions, but also at the same dilution in 
a scries of acids with varying constiints, if the product of the acid and 
basic constiiiits remains invariable. This comparative constancy of nv 
often greatly simplifies its evaluation in a given case. Suppose that in 
the series of amphoteric aubstaiiceH with consttint knlct we consider 
that one for which Ica ~ h,* This substance will l)e absolutely neutral, 
and its ionisation, and therefore its will be the same at all dilutions 
(compare previous paper, p. 159). Here the calculation of uv is easy, 
since r + iiif *=: 2^/ gives the ionised quantity, and a ^ h ^ ^/K. 
Equation (4) then becomes d ~ hij ^/K, and since v” ^ n + 2/^, 


HP 


v^K 

v^K + 2// 


Now at 25^ K = 1‘2 X 10^^-*, so that for this temperature 

1*095 X 10 *^ 

roWx YF' +lj/!: . 


( 6 ). 


To exemplify this mode of calculation we may take the case con¬ 
sidered on p. 276. We wish to know the value of ar, for ka - 10“*'\ 
^/K 100, and?? ™ 1C. Here/* = T2 x 10“^-and^ 1*2 x 10* 

A substance with the same product kah but with /r«, «« kh would have 
« \/l*2 X 10“^^’ ^ 0*3465 X 10" ". Applying formula (6) we obtain 
wo 0*613, a very close approximation to the true value 0*612, 

The method of calculation here indicated becomes inapplicable only 
at great dilutions and in cases where the two constants are very 
widdy apart. In any case it affoi*ds a useful first approximation to 
the value of % and gives the limit to which uv may attain in maximo 
at increasing concentrations. 
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li, in the table on p. 274 we interchange and the values of uv 
remain unaltered. Wo arc now, therefore, in a j)08ition to consider 
the whole series of amphoteric electrolytes with a constant product 
Jcakbi beginning with a practically simple acid with a siibatanoe 
whose h is of small dimensions compared with K) and ending ^vith a 
practically simple base (?*.<'., with a substance whose is small com¬ 
pared with K). As /« diminishes and increases, the total ioniwition 
falls off rapidly at first, thereafter more slowly until through a com¬ 
paratively large range it is practically constant at the minimum value 
which is actually reached when At this point we are dealing 

with an absolutely neutral substance. As //„ still further diminishes 
and h correspondingly incimses, the ionisation begins to increase 
slowly at first, and the substances considered become more and more 
basic in character. Finally the ionisation increases rapidly, and we deal 
at last with what is practically a simple base. 

In applying the preceding results it is essential to bear in mind 
that they have been obtained on the assumption that K may be 
neglected in comparison with in dealing with an amphoteric aci<i, 
and with khU iti dealing with an amphoteric base. Should, therefore, 
the preponderant constant oi’ the total concentration be very smalt, 
due allowance must be made for this neglect. 

Since the publication of my previous jwiper, Mr. John Johnston, 
Ji.Sc., has made in my laboi'atory some experiments on the conductivity 
of asparagine and of cacodylic acid, two w^ell-marked amphoteric 
electrolytes of character somewhat different from the amino-benzoic 
acids alreiidy investigated. 

Asparagine is of special interest, inasmuch as both its acidic and 
Imsic constants have been determined by Winkelblech from hydrolysis 
experiments on the two types of salts to Avhich it gives rise. The 
values found by him were ^ 5‘2 x 10 and kftlK ^ 150. Calcu¬ 
lating from these values and adopting XOH — 355 and 

XOH" - 66, in accordance with the method previously 
described, we obtain as the molecular conductivity at r - 16 the 
number 0'087. The value obtained directly by Walden^ was 0*541 
Winkelblecht also determined the molecular conductivity, and found 
numbers some 40 per cent, smaller than those of M^alden, although he 
Btill considers them too great. The reason of the discrepancy is the very 
small value of the conductivity of asparagine, any conducting impurity 
either in the substance itself or in the solvent water having a very 
great relative effect. At my request Mr. Johnston carefully purified 
a specimen of asparagine by repeated recrystallisation from water 
until the conductivity showed no further diminution on repetition of 
the procesa. He ascertained that with a specimen which might be 

• * 2!eiUolmft ftir phjsikiU. Ohera.,’ rob S, p. 465,1891* 
t Zoi\ ci/., Tol. 86, p. 568, 1901. 
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Hccounted pure in the ordinary analytical sense no less than twenty- 
four recrystallisations were required to reduce the conductivity to a 
constant value unaffected by further recrystallisation. The solvent 
water employed during the last crystallisations and in the determina¬ 
tion of the conductivity was jnirified in the manner described by 
Walker and Cormack.* The constant molecular conductivity of 
asparagine found with tliis water at c « 16 was 0*096, This experi¬ 
mental number is still somewhat too great owing to the impossibility 
of removing all conducting impurity from the water, the ei i-oi- due to 
this cause being probably of the dimensions of one-tenth of the total 
conductivity, t In view of the experimental error, then, the agreement 
between the values ealculat(Hl and found is as close as could be 
expected. 

Tlie results in the case of cacodylic acid have been published l>y 
Mr, Johnston elsowhere4 and are also in satisfactory accordance with 
the theory, which has thus been tested by conductivity and h3"drolytic 
experiments in a range of /« from 5 x 10 to 1*6 x 10~\ arid of /o>/K 
from 32 to 1100. 

An interesting theoretical point arises in connection with cacodylic 
acid, the formula of which is generally written (CTis)-^ AsO.OH. This 
formula does not come under the general formula H.X.OH, which is 
applicable to the amino-acids, inasmuch as the only replaceable 
hydrogen atom it conUins is that of the hydroxyl group. The distinc¬ 
tion between these two clajsses of amphoteric electrolytes has already 
been pointed out by Ostwuld.g From the standpoint of the theory just 
put forward, however, it is unnecessiiry to consider it, for as long 
as the unionised substance is not subject to molecular association, 
the theory is applicable without nmlihcatiori to either class. The 
freezing-point determinations of Zawidzki show that this condition is 
fulfilled for cacodylic acid. 

With regard to the freezing-point depression and correlated 
phenomena exhibited l)y non-associating amphoteric electrolytes, the 
following points may be noted. Since the production of HX“^ and 
XOH“ from H.X.OH in the first class, or of and YO^ from 
Y.OH in the second class, involves no change in the total number 
of molecules, this type of dissociation is not connected with any 
alteration in the freezing point of the solution. The production of 
H'*’ and OH” on the other hand increases the total number of 
molecules, and in consequence the freezing-point depression. We may 
say briefly, then, that the acidic or basic ionisation of an amphoteric 
electrolyte increases the freezing-point depression or any derived 

• * Journ. Chen]. Soo.,* vol. 77, p. 8,1000. 
t Campers Welker end Cormeok, Uc. e$7., p, 18, 

X * Beriohte Beat, chexn. Ces.,’ vol, 87, p. 8625,1904. 

S * Zeitechrift fUr Klektroobemie,' vol. 6, p. 86,1890. 
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magnitude, whereas the “saline*' ionisation does not. Taken in 
eonjunction with the electric conductivity, the cryoscopic method 
should yield results of utility with soluble electrolytes whose ionisation 
is considerable. Asa means of determining the extent to which acidic 
or basic ionisation, as distinguished from saline ionisation, has takeri 
place, measurements of electromotive force with hydrogen electrodes 
may, in some instances, be applied with success. Ex])eriments in this 
direction are at present in progress. 


“ The Electrical Conductivity and other rroperties of Sodium 
Hydroxide in Aqueous Solution, as elucidating the Mechanism 
of Conduction.” By Wiluam Robkkt Bou.sfikld, M.A., 
K.C., M.P., and Thomas Makttn Lowky, J^.Sc., Lecturer in 
Physical Chemistry and Crystallography nt the Central 
Technical College. Communicated by Professor H, E. 
AkmstkoiV(^, E.R.S. Received June 24,—Read November 17, 
1904. 

(Abstract.) 

The original oVijeet of the research was to investigate the decay, as 
the temperature rises, in the “ ionisirig '* properties of water; which 
is manifest, especially in the case of the alkalies, in the inflected 
character- of the curves expressing the relation between temperature 
and condrmtivity in aqueous solutions.* It was found, however, 
that the available data for the physical properties generally of the 
alkalies were very few; the inquiry was, therefore, extended so as 
to include the measurement of the density and conductivity of 
solutions of sodium hydroxide at 18'’ C., as well as of the 
temperature co-efiicients of conductivity and density. The great 
viscosity of the more concentrated solutions being very noticeable, 
measurements of viscosity were also made, in order to correlate this 
property with the low conductivity of these solutions. The principal 
results of the investigation are as follows:— 

(1) In the most dilute solutions, in which “ ionisation ” is nearly 
complete, the curves expressing the relation between molecular 
conductivity and temperature are not inflected between S'" and 
100'* C. The}^ resemble the curves representing the changes in 
viscosity with temperature in dilute aqueous solutions, .Concen¬ 
trated solutions also give curves that are not inflected. In these 
solutions a very rapid increase of conductivity takes place as the 
temperature is raised: the conductivity of a 50-per-cent, solution 

• Oompftr« * Boy. 8oc. Broc.,’ 1902, vot 71, pp. 42—54. 
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increasing 5-foId l)etwoen O'* and 18** and 80-fold between O'* and 
100“ C.; the form of the conductivity-temperature curves again 
appears to be determined mainly by molecular changes rendered 
apparent in the rapid changes of viscosity which accompany changes 
of temperature. Moderately dilute solutions give curves that are 
inflected between 0* and 100"; a regular ciu-vo can be drawn connect¬ 
ing the temperature of inflection with the percentage of sodium 
hydroxide in the solution : this temperature reaches a minimum, at 
48“ C., in the case of a normal (4 per cent.), solution, but rises to 
iOO" G. when the concenti’ation is raised to 30 per cent, 

(2) The inflected conductivity-temperature curves can be represented 
by the simple cubic formula 

Kt ~ + y (r- t)^ 

where, t is the temperature of inflection. As this formula is unsatis¬ 
factory when applied to curves that are not inflected between O'* anti 
100 C., a formula was devised which was based upon the three 

factors of concentration, ionisation and ionic mobility, on which 
the variations of specific conductivity depend. The infiuence of 
temperature on the density, and therefore on the concentration, has 
been experimentally determined and can be directly allowed for ; in 
order to express tlie influence of temperature on the other two factors, 
it has been assumed that the variation of ionic mobility with tempera¬ 
ture may be expressed by a formula similar to that of Slotte for the 
variation of fluidity 

W’? (1+^0’N 

and that the decay of ionisation with rising temperature may he 
expressed by a formula similar to that of Abegg and Beitz for the 
decrease in the dielectric constant 

D/I>0 =» 

The formula ^ (1 + ^->0” <’*"**» which has been used to express 

Ku po 

tiie influence of temperature on conductivity, has the advantages that 
it is applicable to conductivity-temperature curves of all kinds, that a 
definite physical meaning can be given to each of the constants, and 
that it gives expression, not only to the inflection now under considera¬ 
tion, but also to the maximum conductivity and the second inflection 
in the general conductivity-temperature curve.* What is, perhaps, of 
even greater importance, is the fact that it has been found possible, 
with the help of this formula, to make some approximation to resolving 
the two opposing influences which determine the form of this curve. 

(3) The density tables for caustic soda, in general use until about 
10 years ago, were based on the early measurements of Dalton and of 

• Xtoe, p. 52* 
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Tiinnermann (1827). A revised t4»ble was published by Hager in 
1883, but the first table in which oven the second place of decimals 
is correctly given is that of Pickering (1894). Pickering^s solutions 
were prepared from purified material, but were standardised hy titra- 
tion, and can therefore be relied on only to the third place of decimals. 
The re-determination of the densities was undertaken in order to 
obtiiiu a method of standardisation that should be more accurate than 
titration. Quantities of sodium, amounting to about 160 grammes at 
ii time, were weighed, and converted quantitatively into concentrate<^l 
Hoiutions of sodium hydroxide ])y the action of steam in a platinum 
vessel. Eleven determinations, made with six different standard 
solutions, gave, as the density of u r>0-pej'“cent. solution, the value 
1*5268, with an average error of 0*0001. Solutions of known concen¬ 
trations having been prepared by dilution, their densities were deter¬ 
mined ; it was then possible, by measuring the density, to determine 
the percentage i>f sodium hydroxide in any pure solution, with an 
error only OTm-tenth as great as that introdtujed in standardising by 
titration. This method contributed greatly to the accuracy of the 
electrical measurements ; in the absence of such a method, the measure- 
ments of some of the earlier investigators have been vitiated by errors 
in the concentration, amounting to as much as 2 per cent, on the total 
weight of alkali in the solution. 

(4) The determination of the conductivity at 18^ C. of solutions 
prepared in this way led to results which, although slightly different 
from the earlier ol)8ervations of Kohlrausch, gave a curve of similar 
form. The maximum conductivity at IS** C. is 0*3490 in a 15-per-cent, 
solution, the value given by Kohlrausch being 0*3462. At higher tem¬ 
peratures the maximiun conductivity is considerably greater, rising to 
over 1*4 at 100"', and occurs in solutions of greater concentration. 

(6) The viscosity of a 50-per-cent, solution of sodium hydroxide ie 
approximately seventy times as great as that of water. This increase 
of viscosity must produce a largo effect on the ionic mobility; the 
influence of this factor may be to some extent eliminated by dividing 
the molecular conductivity by the fluidity, and this ratio we have 
called the “intrinsic conductivity” of the solution. Whilst the 
molecular conductivity of sodium hydroxide solutions decreases. 
steadily as the concentration is increased, the intrinsic conductivity 
falls to a minimum at about 8 per cent. NaOH, and then rises, until 
at 50 per coat. NaOH, the value is considerably greater than in the 
most dilute Bolutions. It is believed that this increase is due to the, 
fact that liquid soda is an electrolyte, jper and that, in concentrated 
solutions, the current is convey^ partly by the soda alone, as if it 
were in the fused state. 

(6) A study of the influence of temperature on the density revealed 
the fact that the addition of soda produces a simplification in behaviour 
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that nmy he att-ributed to the destruction by the soda of the ice- 
molecnles present in the water. In the formula 

^ Pt + + + 

which representH the influence of temperature on the density of water 
and aqueous Holutions of soda, the coefficient of ^ vanishes when a 
concentration of 12 pei* cent. NaOH is reached, whilst the coefficient of 
vanishes at 12 per cent. NaOH ; at the latter concentration there is 
a simple linear relationship l»etween density and temperature. 

(7) The molecular volume of sodium hydroxide in dilute aqueous 
solution has a large negative value, u litre of water dissolving 140 
grammes fjf sodium h 3 ulroxide at 0\ 100 grammes at 18', or GO grammes 
at 50\ without increasing in volume. It is noteworthy that the 
molecular volume does not increase contifiuously as the temperature 
rises, Init reaches a ninxinmm valu(‘ at, about 70 In a 50-per'Cent. 
solution, however, the temperature has little effect on the molecular 
volume, the extreme variation being only about 10 per cent. 


“The Refractive Indicoft of tlie Elements.” Uy ClivK (U)thhektson. 
Conimuiiicuted by Ih'ofcsHor F. T. Tkouton, F.R.S. Received 
OctoUu' 18,—Rtiad November 24, 1904. 

(Abstract.) 

In a letter addressed to ‘ Nature,’ in Octol^er, 1902, attention was 
drawn to the fact that the refractivities of the five inert gases of the 
atmosphere, He, Ne, A, Kr, and X, as determined by Ramsay and 
Travers, were, within nan‘ow limits of accuracy, in the proportion of 
I, 2, 8, 12 and 20; or, more simply, of 2, 3, and 5. 

In a second letter it was shown that the refractivities of the halogens, 
Cl, Br, and I, stand also in the relation of 2, 3, and 5 to the same 
degree of accuracy; but it was pointed out that the figuies for 1\ 
As, and S, as measured by M. Le Roux in 1861, did not show any 
similar relation; and it was observed that a redetermination of them 
would be interesting. 

With a Jamin’s refractoraeter, adapted for use with high tem¬ 
peratures, results have now been obtained for Hg, P, and B, which 
differ widely from those of M. Le Roux. The index of mercury^ 
calculated for a molecule containing two atoms, is placed at 1 001857, 
a number which agrees closely with the value given by the refractive 
equivalent of Gladstone. The index of Po is found to be 1*001197 and 
that of Sji is 1*001101. 

In all three cases it is estimated that the margin of error does not 

VOL. Lxxnr. z 
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exceed per cent. Comparing those values for Pg and Si with those 
of Na and Go, it is shown that the simple relations found in the case of 
the inert gases and the halogens also hold in the case of nitrogen and 
phosphorus, oxygen and sulphur; and that an atom of phosphorus 
retards light foui* times as much as an atom of nitrogen, an atom of 
sulphur four times us much as an atom of oxygon. 

Efforts have also been made to measure the index of fluorine in the 
gaseous state, but, owing to the experimental difficulties, success has 
not yet been attained. 

It ay)pears then, that, out of fourteen elements whose index of 
refraction has been measured in idie gaseous state, twelve conform to 
the rule that in each chemical group the refractivities of the elements 
are in the ratios of small integers. The other two, Hg and H, have no 
allied elements with which they can be compared. 

It is pointed out that N, O, and No are each followed, in 
their respective families, by an element whoso refractivity is 
four times as great, and that, consequently, there are reasons for 
Iwlieving that the elements composing the aeries N, O, F, and Ne, and 
P, S, Cl, and A are, in some sense, homologous. Comparing the 
refractivities of the latter series wo see that the power to retard light 
app(jars to be closely connected with the valency, increasing as it 
increases, in spite of the decrease in atomic weight, as showui in the 
following table:— 

Element. 


^ --^ 

P. s. Cl. A. 

Atomic weight . 31 32 35*5 40 

Kefractivity . 299x4 275x4 192x4 141 x4 


series Ne, O, N, show" the same relation, and it is probable that 
the refractivity of C is even higher than that of N. 

The refractivity of B, estimated from BClg and BBrs, is certainly 
very great; but whether it exceeds that of C there is not sufficient 
evidence to determine. 
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“ Sonuj PJivHicfil Characters of tho Sodium Borates, with a New 
and Eai:)id Method for the Determination of Melting Points/* 
By ('HAiu.Ks Hutchens Buucjess and Alfkkd Honr, Junr. 
(/onnnunicated by Professor U. B. Dixon, F.E.S. liocoived 
October 27.—Pead November 24, 1904. 

Some time ago we published a note* containing some now observa¬ 
tions on the solubility of metallic oxides in fused >)oric anhydride. 
Since its publication we have been further stiidying some of the points 
therein mentioned, but have been in part anticipated by W. Guertler,t 
who has examined many of the phenomena we remarked, in a more 
complete manner. As, however, our experiments do not cover exactly 
tho same ground as his, we have arraiige<l in the following paper tho 
results relating to the sodium borates, which we believe are completely 
new, and, at the same time, present many interesting features towards 
the study of these complex bodies. 

When a quantity of - ordinary pure borax glass is heated foi’ some 
hours at a temperature which gives it about the consistency of a thick 
syrup, it gradually changes to a mass of colourless crystals. The 
crystallisation begins at two or three points on the surface of the mass, 
generally around a particle of dirt, or minute fragment of imperfectly 
fused borax, and sprea<ls in more or less sphcrulitic growths throughout 
the glassy portion. As the crystals grow, there appears to be a 
contraction of volume, since the glass around them appears as raised 
hummocks, and a subsequent investigation of the specific gravities of 
the crystals and glass showed that this was really the case. 

The crystals do not seem to grow at a uniform rate. They start 
rapidly, but as development continues, they take longer and longer to 
form, so that many hours are occupie<l in changing from pure glass to 
a holocrysUilline aggregate. 

We have not been aide to isolate any individual crystals, and so 
study their characters, but the whole crystalline mass appears to be 
composed of dense, matted clusters of very minute needles, which are 
doubly refracting, and have a pearly lustre. They are about as 
soluble in water as ordinary borax glass, are not hygroscopic, and melt 
at a higher temperature than the glass, into which they are reconverted 
on melting, and then cooling quickly. 

We find, however, that it is not Iwrax glass alone which exhibits 
this phenomenon ^of crystallisation on reheating, but that the glasses 
obtained by fusing mixtures of boric anhydride and sodium carbonate, 

* ‘ Joum. Chvm. eJoc. Proc,,’ 1903, p, 221. 

t ‘ Zeit. Anorg. Chem.,’ vol. 40, 2, pp. 225 wad 268 j to). 40, 8, p. 887. 
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m which the ratio of tlie boric anhydride to the sodium carbonate is 
not 2:1, also exhibit it in varying degree. 

Thus, all mixtures in which the ratio varies from 6:1 to 8 : 5, give a 
glass when fused, and are all caj>able of being changed completely into 
crystals on reheating, exactly like borax. Mixtures in which the boric 
anhydride is present in greater proportion than 6:1, otdy change with 
difiicidty on prolonged heating; and when they do, the crystals are 
always found to be nuxe<l with more or Jess truly glassy material, till, 
when the ratio 40 :1 is reached, it seems impossible to obUiin crystals 
at all So far as we can ascertain, a mixture of this coraix)sition is 
always a true glass in any circumstances. 

Mixtures, on the other hatid, i?) which the ratio of })oric anhydride 
is less than 8 : 5, when fused, and allowed to cool, yield nearly opaque, 
white subsUinces, which seem to bo micrO'Ciystallinc. Nevertheless, 
these mixtures if heated to a high temporatuie, and then suddenly 
chilled by being poured into mercury, also yield glasses. 

The glasses obttuned by this sudden chilling seem to be very 
unstable, as on gently heating by means of a Bunsen flame, they 
change completely, and almost instantiineously, into crysUls. 

There seems then to be a gradual alteration in the rapidity and 
completeness with which this change occurs, and as it seemed probable 
that the crystallisation of some borate rich in sodium was the cause of 
it, we proceeded to determine what was the composition of the borate 
richest in sodium which could be obtained by fusing boric anhydride 
with sodium carbonate. 

When boric anhydride is fused with sodium carbonate, carbon 
dioxide is evolved, and the product may be regarded Jis boric 
anhydride combined with sodium oxide (Na20). Thus, by heating 
boric anhydride with a large excess of sodium airbonate, and 
determining the amount of carbonate decomposed, the greatest 
proportion in which boric anhydride combines with sodium oxide 
can l>e ascertained, and ought to give the composition of the lichest 
sodiiun borate obtainable by fusion. 

We have performed this experiment several times, and have obtained 
the following results :— 

(i) One part of ByOs combines with 1 *29 parts Na^O 

(ii) One „ „ 1'34 „ 

(iii) One „ „ 1-32 

Tliese results are probably a little too low, as the sodium carbonate 
loses some carbo!) dioxide merely on heating alone, but this amount is 
negligible, and does not in any way affect the otnclusion that the 
product obtained in this way is not 8o<lium metaborate (NaBOs), in 
which the ratio of boric anhydride to sodium oxide is 1:1, and that 
sodium orthoborate (NasBOa), in which the ratio is 1; 3, cannot in any 
case be formed by fusiori of boric anhydride and sodium carbemate. 
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The object of the research became thns threefold:— 

(a) To determine what compounds are present in crystals obtained 
with various mixtures of boric anhydride and sodium carbonate ; 

{h) What is the rtaturo of the glass ; 

(r) What is the nature of the change from glass to crystals. 

The most obvious method seemed to be to dotormirje the melting 
points of crystals and glasses of varying (;omposition, to see if 
compounds existed, and to compare and correlate the melting point 
curves obtained. To do this it was necessary to employ some new 
melting point method, as none is kriowf! by which the melting point of 
glasses can be determined at all accurately. 

We devised an apparatus which is somewhat similar to the 
** meldometer described by loly,* and we found it to be both rapid 
and peculiarly .suitable in the case of plastic substances, which have 
hitherto been supposed to possess no flchTute molting point.f Our 
apparatus is represented in fig. 1. 



A uniform piece of platinum wire, AA, about 4 em«. long, was 
welded to two stouter ipiecos of the same metal, BB. These were 
sealed into two thin glass tubes, and were welded to two thick copper 
wires, CC, which conveyed the cuTTent. The whole was fixed by two 
rubl>er stoppers in a glass tube, with an opening at D. 

A small bead of the raaterial whose melting point was desired, was 
made on one end of a very thin platinum wire, to which a weight of 
about a gramme was attached. 

A current of 4“6 amperes was passed through the wire AA so as to 
raise its temperature considerably alx)ve that at which the bead 

♦ ‘ Boy. IH»h Aoftd.; 1880. 

t W» ute the words melting point to denote tbe sndden decrease in viscosity 
which oeonri at a very well defined temperature in glasses. 
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melted. The bead was then inserted through the opening D, when on 
touching the wire it became fused. The current was switched off, and 
the bead, on solidifying, remained attached to the edge of the wire AA. 
Air currents wore prevented by closing the opening D with a test-tube. 

A slowly increasing current was then passed through the wire till 
the portion of the bead in contact with it melted, when the weight and 
bead fell into the test-tube. The moment this occurred, the voltage 
between the ends of the wire and the amperes passing through it wore 
carefully noted. From the values obtained the resistance was calcu¬ 
lated, and thence the temperature. 

The weight hanging from the l>ead had no decided effect on 
the melting point. We found that with weights varrying from 
0*2—5 grammes, the bead dropped off at practically identical tem¬ 
peratures. This temperature at which beads of various compounds 
drop off the wire is extremely well defined, even in the case of 
substances which become plastic on heating, like glass, so that provided 
no chemical change occurs during the heating, the method proved 
rapid and elegant. A certain amount of heat is conducted away by 
the ends of the thick platinum wires BB to which the thinner one AA 
is welded, and also by the bead itself. It, therefore, became necessary 
to calibrate the wire by means of pure salts of known melting points. 

We found this was a matter of some difficulty, as very many of the 
most ordinary salts were found to decompose to some extent on 
heating. Sodium chloride, sodium carbonate, potassium iodide, 
calcium chloride, and strontium chloride all underwent change. Of 
these salts sodium chloride was very little attacked, but after only a 
few minutes’ fusion we found it had absorbed quite an appreciable 
amount of oxygen, being converted into the peroxide. Potassium 
iodide changed in part to iodate, sodium carbonate to the peroxide, 
and calcium and strontium chlorides to the oxides. 

These changes completely prevented any accurate melting point 
determinations, so after repeated trials we adopted potassium nitrate, 
lithium chloride, and potassium chloride as standards. It is true that 
potassium nitrate decomposes on heating, but as the nitrite (to which 
it changes) has almost the same melting point, the email amount of 
change was found to be immaterial. The chlorides we employed 
seemed to be, on the whole, very stable. 

The melting points given in Camelley’s tables for theee three standard 
substances were assumed as correct; they were used in fixing three 
points on the temperature-resistance curve. 

Thus, any temperature between the melting points of .potassium 
nitrate and potassium chloride could be obtained by interpolation from 
the measured resistance, and those above the melting point of potassium 
chloride by extrapolation. The results did not seem to contain an 
error larger than 1 per cent., so that we considered the ffiethod was 
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satisfactory enough. The melting point curves for the glasses and 
crystals are represented on fig. 2. The curve for the glasses presents 
some features which are difficult to explain, since, so far as we are 
aware, no stich curve has before been described. 

Fio, 2. 



The ad<lition of sodium oxide to boric anhydride raises the melting 
point continuously till a mixture of composition Na20.4B*208 is reached. 
There seems to be no depression of the melting point at all, thereby 
differing from the case of ordinary solution, and indicating the 
probability that there is no solid phase. 

The curve then remains fairly level till a composition Na20.2Bii08 is 
reached, when it falls irregularly to 3Na20.4B208. 

The last point we could obtain on this ourve was with coniposition 
NasC.BaO®, where the melting point practically coincided with the 
temperature of change from the glassy to the crystalline state of this 
mixture. Indeed it is a little above it, but it was possible by fairly 
rapid heating to melt the bead before the change had occurred. 

At present we are unable to state exactly what the meaning of this 
melting point curve for the glasses may be. Glasses have hitheilio been 
suppofi^ to possess no sharp molting point, but this does not seem to 
be the case, as our results for each Afferent temperature were remark¬ 
ably close ahd well defined. 
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The melting point curve for the crystals is more easily explainable 
than that of the glass. 

We were unable to obtain any point on it between pure boric 
anhydride and a mixture of composition Naii 0 . 4 B 208 . This was 
because the crystallisation of the small mass of substance in the beads 
wo employed for the melting point determinations took an extremely 
long time, and also because the devitrification was never complete 
except in the neighbourhoo{l of the mixture Na^ 0 . 4 Bi! 03 . 

From a mixture of composition Nae 0 . 41 ij 03 the melting point falls 
nearly uniformly till r)Na 20 . 8 B 20 a is reached, at which point it begins 
to rise rapidly. 'Fhe mixture 5 Na 20 . 8 B. 20 ;j M'ould then appear to be a 
marked eutectic point. 

The sixmmit of the curve is reached with composition 5 Na.> 0 , 4 B 208 , 
when it falls again to a mixture which may be considered to 
have the composition r)Na 20 . 4 B. 20 s + 4 Na 2 C 03 , and which represents 
the eutectic ]X)int between 5 Na 20 . 4 B ./)3 and Na^COg. 

The further addition of sodium carbonate causes a gentle, almost 
uniform rise in the melting points. 

As the summit occurs with composition 5 Na 20 , 4 B 208 , and as 
this very nearly agrees with the analysis of the borate richest in 
sodixim, which can be obtained on fusion of boric anhydride and 
sodium carbonate, this u^ould seem to indicate a compound. 

The results of these melting point determinations of the crystalline 
mixtures indicate that borax (Na 20 . 2 B 203 ) is not a definite compound 
in this stfite, but is almost a eutectic mixture of the borate with com¬ 
position 5 Na 20 . 4 B 208 and one of composition Na 20 . 4 B 208 , for the 
existence of which we have other evidence. 

This melting point curve for the crystalline forms of these various 
niixtures cannot be regarded as truly representing either the mlidriH or 
It seems pi^obable that in this case they are situated close to 
each other, and that our melting points really reproseiit temperatures 
close to the liquidus. The fact that a mass of crystals would apparently 
melt almost completely at an almost constant temperature certainly 
indicates that there cannot be any very great difference between the 
liquidus and solidus, and, as in the cases studied by Heycook and 
Neville, that the actually determined melting points lie probably very 
neiir to the liquidus. 

The following table gives the melting points for the various glasses 
and crystals:— 
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Mellmg point. 


Composition of mixture. 

OlSMB. 

OryfttoU. 

BA . 

.. 468” 


Na2O.40BA. 

.. 470 

— 

Na.A16BAs. 

.. 528 


NH.A4B2O3 . 

.. 628 

858’ 

NaA2BA . 

.. 628 

791 

9Na.Al6B.A . 

.. 613 

— 

ONaAHBA . 

.. 620 

777 

3NaA4B.203 . 

CIO 

815 

NaABA. 

.. 615 

930 

6Na.A4BA. 

— 

960 

5Na./).4BA + Na.A).s... 


917 

6Nu 2(J.4B.,03 + 3Na.,C03 

—■ 

783 

,5Na,.0.4B.A + 4Na2tA 


654 

5Nao0.4B.20„ + ONaaCO.-i 

— 

66-1 

.')Na./).4BA + 6Na2C08 


692 

5Na.,0.4BA + 7Na2U08 

.. 

685 

5NaoO.4B.2O,, + 27Na..CO.H 


722 


We have analysed a number of the glasses and crystals obtained 
with various mixtures, and obtained most unexpected and interesting 
results. 

The analysis of a borate is always a matter of difficulty, but we 
found the following method worked quite well, and gave accurate 
results. A weighed quantity of the substance (glass or crystals in 
very fine powder) was evaporated to dryness twice witli fairly strong 
hydrochloric acid. By this mwins all the sodium was converted into 
the chloride. The dry powder thus obtained was repeatedly treated 
with small quantities of methyl alcohol, and evaporated to dryness. 
By this mejins all traces of hydrochloric acid were removed, as well ns 
the whole of the boracic acid, so that pure sodium chloride remained. 
This was dissolved in water and estimated by titration with N/10 silver 
nitrate solution, using potassium chromate as indicator. 

The complete separation of the crystals from the gljtss was by no 
means au easy matter. We found that quite the easiest and most 
satisfactory method was to crush up the substance into coarse powder, 
and then to pick out with forceps the really glassy fragments and the 
crystalline masses. This was quite easy by using a lens. 

Though the crystals and glass have different specific gravities, it 
was not fourid possible to obtain a real separation by means of a 
heavy liquid. This was because pieces of material which looked 
wholly crystalline often contained glass in the interior, so that they 
would float anywhere in the liquid. 

We also tried extraction with hot methyl alcohol which is a solvent 
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for boric anhydride, for, if the crystals had been due to a separation of 
a borate from its solution in boric anhydride, this should have left the 
compound pure. As a matter of fact we found that the methyl 
alcohol decomposed both the crystals and glass, giving methyl borate, 
boracic acid, and sodium methylate. Both glass and crystals were 
decomposed at the same rate. 

Attempts to use water as a means of separation were also failures, 
since the solubility of both glass and crystals is about the same. 

The results of our analyses arc as follows :— 

(i) Mirinre of Compodtion ahtmi Nai 0 . 2 B 203 .—^This mixture crys¬ 
tallised completely in a few hours, giving a hard, white, completely 
crystJilliue mass. When about two-thirds had crystallised the glass 
and crystals were separated, and gave on analysis ;— 

Glass =3. .30*9 per cent. Na-iO ; crystals » 31*0 per cent. NasO. 

(ii) Mixture of Compositkm altoui SNajjO.dBaOs.—This crystallised 
completely, and had the same characters as (i). 

On analysis obtained :— 

Glass «= 25*86 per cent. Na20; crystals == 25*81 per cent. NagO. 

(iii) Mixture of Conqmdtkm almU Naa0.4B20;j.—This crystallised 
completely, and had the same characters as (i). 

On analysis obtained :— 

Glass - 18*70 per cent. Na 20 ; crystals 18*67 per cent. Na^O. 

(iv) Mixture of Composition about Na20.6B20s.—*This crystallised 
very nearly completely, but seemed to contain small translucent glass- 
like fragments. 

On analysis obtained :— 

Glass - 11*5 per cent. Na^.O; crystals ^ 13*7 per cent. Na^O. 

(v) Mirtiire of Coinposiimn about Na20.8B20s.—This did not crystal¬ 
lise completely. After very prolonged heating it nearly all changed 
to a crystalline mass with an almost waxy lustre, but which was not 
retdly wholly crystalline. There was always in addition a portion of 
the mass which remained a glass. 

On analysis obtained:— 

Glass =r 10*06 per cent. Na^O; crystals ^ 11*90 per cent. KaaO. 

(vi) Mixture of (kmipositum about Na20.12B208.—Only about half 
would crystallise, and this took a very long time. 

On analysis obtained :— 

Glass 2*1 per cent, Na20; crystals « 12*2 per cent. NagO. 

(vii) Mixture of Cotuposiiion about Ka20.16Bj!0s.—After heating thie 
mixture for several days only a very small amount crystallised. 
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On analyms obtained:— 

Glass =« 4*18 per cent. NasO; crystals =* 10*02 per cent, NajjO. 

(viii) MuMire of ComposUion^ ah&id Na2O.40I3:>O3.—This could not 
be crystallised at all. 

From these numbers it appears that with mixtures between 
Na20.4B208 and Na 20 . 2 B 203 the crystals and glass have absolutely 
identical coniposition, but with mixtures containing more boric anhy¬ 
dride than Na 20 . 4 B 203 , only a part (decreasing in quantity as the 
amount of boric anhydnde present increases) crystillises, and this 
part has approximately the composition NaoO.GBoOy, 

As the crystals of the mixture of this compositicm contain more 
sodium than the glass, it seems probable that, could one obtain the 
crystals really pure and not entangling any glass, the composition 
might approach that of Na 20 . 4 B 203 . 

The nearness in composition of the crystals obtained from mixtures 
varying from Na 20 , 16 B 208 to Na 20 . 6 B 208 makes it seem fairly certain 
that it is the same compound which separates out in all of them, and 
that the differences in the analyses are due to the cry stills being mixed 
with more or less glass which it was impossible to remove. In experi¬ 
ment (vi) the crystals and glass were particularly well sepirated, iind 
the result is shown by the great difference in their analyses. 

It seemed so curious that with mixt\xre8 of composition Na20.2B2U.s 
to Na20.4B208 the ghws and crystals should give similar analytical 
results, that we thought it worth while to try fractional crystallisiition 
of the glasses, to see if we could detect any differences 1>ctween the 
different crystalline portions. 

The analyses of these various portions gave the following results:— 

(i) For a 'miaUuro of composition odund Na20.2B208— 

Per cent, Na^O. 

First portion . glass === 29*7 

crystals ^ 29*‘3 

Second portion . glass ^ 29*9 

crystals =* 29'2 

Third portion . glass == 30*3 

crystals = 30*5 

Fourth portion . glass ^ 30*2 

crystals 30 I 

(ii) For a midwre of txmposUum txhotU Na20.4B208— 

Por o«nt. Na.vO. 

First portion . glass 18*7 

crystals » 18*6 

Second portion . gloss «« 18*6 

crystals « 18*4 
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We also fractionally crystallised borax itself five times, when the 
final crystalline portion was found to contain 30*8 per cent. Na20, 
theory for Na 2 B 407 requiring 30*7 per cent. Na/). 

These differences are negligible, and the crystals that separate out 
from the gla«s have exactly the same composition from the beginning. 

These restilts show at onee that this crystallisiition is not due to the 
sopanitioji of any single compound as we had previously supposed, hut 
that it is more probably due to the formation of mixed crystals or a 
solid solution from a superfused liquid. 

All the various ^’^•yst^llline fractions obtained from any one glass of 
compositif)!! Na2C).4B2()s to NaoO. 2 B. 3 O 3 were found to melt at 
identical temperatures, as also did the residual glasses. Further, the 
crystalline portio!ts when melted, gave glasses which had a melting 
point id(mti(;al with that of the previous residual glass, and these 
residuiil glasses could, in their turn, be changed to crystals with 
similar melting points to those which had originally l>een separated. 

This shows most conclusively the identity of the crystals and glass 
in chemical composition. We have also determined in the case of 
several mixtures the temperatures at which this crystallisation takes 
place. The curve indicating these temperatures is shown in fig. 2 by 
the line joining AA. 

A iHjad of the glass w'as put on the platinum wire of our melting 
point appiiratus, and the temperature raised extremely slowly, whilst 
the bead was watched with a lens. In the case of those mixtures 
which melted before the change occurred, no weight was attached to 
the bear]. The crystallisation appeared to start at a fairly well defined 
temperature, and, if it was maintained, would gradually spread through 
the bead. 

It is a little hard to say exactly w^hat is the meaning of this curve 
AA, fig. 2, and all that seems certain is that it gives approximately 
the temperatures at which the rate of crystallisation assumes a sufficient 
vebxity to visibly change the state of the substance. 

From a consideration of the melting point curves, together with the 
anulytical and other observ'^ations we have described, it is possible to 
form some idea as to the nature of those glasses and the crystals into 
which they are whollj?' or partially transformable. 

The glass must Ihj regarded as a superfused, and, therefore, motastable 
form of the crystals, behaving in several respects as if it were a liquid 
of enormous viscosity. 

Now, on eon sideling the behaviour of the glasses ranging in composi¬ 
tion from pure boric anhydride to Na^O.fiB^Og, it will be noticed that 
the supposition of the existence of a borate of about the composition 
Na20.5B>08, which is dissolved in boric anhydride, will explain the 
observed facts. A mixture of composition NasO.iOBaOs cannot be 
crystallised at all, and one of composition NaaO.lfiBaO* only partially 
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crystallises, hence some point between these mixtures will give the 
maximum solubility of this borate in boric anhydride. On further 
increasing the amount of this borate present, the glass becomes a 
supersaturated and superfused liquid, the amount of crystallisation 
measuring the super saturation. 

Somewhere between Na 20 . 6 B 203 and Na20.4B20H no free lK>ric 
anhydride remains in the solution, and the whole mass will crystallise 
for the first time. 

On further addition of sodium, another Iterate of composition ixe&r 
5Na20.4B208 begins to be formed, and we have shown that in any 
mixture l>etweeu these two compounds, both crystals and glass have 
identical compositions. We are here probably dealing with a case of 
solid solution, and the glass is merely its superfused form. 

The character of the curve would indicate that there are two types of 
crystals, one rich in B^Oa, the other rich in Na^O, and the lowest point 
of the curve is the eutectic point formed by mixtures of these two. 

That the crest of the curve does not occur with the compositiori 
Na 20 .B 20 jj can be most conveniently explained by the fact that solid 
solutions (Xinnot be treated as pure substances, and so a slight shifting 
of the maximum point is to be expected. The further depression of 
the melting point curve probably indicates the eutectic point between 
these crystals, rich in Na^O, and sodium carbonate. 

In conclusion we wish to express our thanks to Professor H. B. Dixon 
and Mr. D. L. Chapman, for the kindly interest they have taken in 
our work. 
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^‘On the Group IV Lines of Silicium.*' By Sir Nokman Lockybr, 
K.O.B., LL.D., Sc.D., RE.S., and F. E. Baxani-)ALL. A.RC.Sc. 
Received October 11,—Read NovemJjer 17, 1904. 

[Platks 11 Am) 12.] 

In previous communications to the Royal Society* an account was 
given of the behaviour of the lines of silicium under varying experi¬ 
mental conditions, and as a result of this enquiry, the lines were 
divided into four distinctive groups. 

Ill these papers no reproductions of the silicium spectra were given, 
a description of the behaviour of the lines in the various photographs 
being at the time considered sufficient. 

The genuineness of the lines of Group IV, as silicium lines, has 
recently been questioned by M. do Gramont. In his papert he gives 
an acc*ount of the effect of self-induction on the various groups of lines 
into which the silicium spectrum was divided from a study of the 
Kensington photographs.. He also gives an analysis of these lines 
with regard to their appearance in stellar spectra. He agrees as to 
Groups I, 11, and III, but states that the lines of Group IV always 
disappear from his spectra with the air lines, and he concludes from 
this that they are not genuine lines of silicium, but belong to either 
oxygen or nitrogen. This conflicts so much with the conclusions 
arrived at from the investigations of the Kensington photographs 
that it becomes necessary to give the photographic evidence on which 
the lines were accepted as being due to silicium. 

The wave-lengths of the lines of Group IV are 4089*1, 4096*9, and 
4116*4, Of these three, 4096*9 is quite insignificant in intensity 
compared with the other two, and as it is so weak as not to be shown 
in the reproductions of the photogiaphs, it may well be left out of the 
present ^scussion. It may here be stated that, according to Neovius, 
there is a weak and diffuse oxygon line (Intensity 1) at A 4089*2, and a 
weak nitrogen line (Intensity <1) at A 4116*7 j which are very nearly 
the positions of the silicium lines. Whether these are the lines which 
M. de Gramont gets in his spectra—be records both in his lists as very 
faint-^it is not posable to say, but that they are not the lines which 
appear in the Kensington photographs will probably be readily 
admitted wlien the reproductions of the spectra in the present paper are 
carefully examined. 

The spectrum A shown in Plate 11 is that given by an electric 
discharge in a vacuum tube containing silicium tetra*£[uoride. The 
bottom portion is that from the incandescent gases in the bulb of the 

• ‘ Roy. 8o«. Proo.,* vol. 6$, p* 449 j irol, 67, p. 4(08* 
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tube, the top that froru the oapillaty, both photographed during the same 
exposure. The transverse white line represents the junction of the 
spectra of the bulb and capillary. In the top portion the silicium lines 
of Groups II, III, and IV, are well seen, and also the oi*dinary lines of 
oxygen, these being indicated in the reproduction. The triplet 
marked O is one of the most conspicuous features of the spark 
spectrum of oxygen, and the individual lines are, according to Neovius, 
the strongest in the oxygen spectrum. It will lie aeon that the Si IV 
line 4089*1 is stronger than any of the oxygen triplet linos, while the 
line 4116*1 is about as strong as the latter. As the oxygen and nitrogen 
lines of Neovius which occur near these lines are of intensity (1) and 
( < 1) respectively, it< is evident that if the lines ascribed to Si IV in the 
Kensington spectra are T-eally due to air, as M. do Gramont contends, 
they must undergo a remarkable transformation as regards inter)sity in 
passing from the conditions of the ordinary spark spectrum to those of 
the vacuvuaa tube. There is, however, no indication of the selective 
enhancement of these faint air lines in the Kensington spectra of air 
under the vacuum tube conditions. 

It will be instructive to trace the behaviour of these different sets of 
lines in the two portions of the spectrum shown in Plate 11. It will l>e 
noticed that in the bottom or bulb portion of the spectrum the oxygen 
triplet survives, though it is very weak. The Si IV lines, however, 
one of which is stronger in the top spectrum than the oxygen lines, 
have entirely disappeared. As to the silicium lines of Groups II and III, 
they are represented in the bulb spectrum; both sets, however, being 
weaker than in the capillary spectrum, the weakening in intensity 
being more marked in the case of Group III than Group IL It is thus 
seen that the conditions appertaining to the gases in the bulb are 
conducive to the existence of the lines of Group II; less so to those of 
Group III j and not at all to those of Group IV. 

In B of Plate 11 the Si spectruni is reproduced alongside that of 
c Orion is. The identity of position of the oxygen triplet and Si IV 
lines with lines in the stellar spectrum is there denoted. It may here 
be stated that the stellar and terrestrial spectra do not exactly fit 
throughout their whole length, owing to the fact that they were 
obtained with different prisms. 

In A of Plate 12 the spectrum shown in the top part of A Plate 11 is 
compared with the ordinary spark spectrum of air. The lines 4089*1 
and 4116*4 of Si IV, which are strongly marked in the vacuum tube 
spectrum, are entirely lacking in the air spectrum, although the oxygen 
triplet previously referred to is common to both spectra and of about 
equal intensity in each. 

Ill B of Plate 12 the spark spectrum of sodium silioo-fluoride, 
volatilised between platinum poles, is compared with the spectrum 
of air, also made incandescent l>etweeu platinum poles. In each 
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spectrum the ordinary lines of oxygen and nitrogen are well seen. 
The silicium lines 4089*1 and 4116*4, denoted in the reproduction, are 
shown in the top spectrum, but they are entirely lacking in the air 
Bpectrum at the bottom. It would be remarkable that these lines, if 
really due to air, should not appear in the air spectrum itself. More¬ 
over, the lines do not appear in the spark spectra of any of the 
chemical elements investigated other than silicium, although in all 
these the ordinary air lines are always well shown. 

To mm up, the lines of Group IV have never been noted in any 
Kensington spectra without being accompanied by silicium Hues of 
other groups, and they never appear unless silicium in some form oi* 
other is used in the light source furnishing the spectrum. 

With regard to their identity with stellar lines, whatever their 
true terrestrial origin may be, there is scarcely any doubt. They 
agree exactly in wave-length with very strong lines in the spectra of 
the belt stars of Orion, and with less conspicuous lines in many other 
stellar spectra, for which no other satisfactory origin has been suggested. 


“ On Chemical Combi nation and Toxic Action us exemplified in 
Hamiolytic Sera.*'* By KoirERT Muik, M.D., Professor of 
Pathology, University of Glasgow, and Cahu H. Browning, 
M.B., Ch.B., (Jimiegie Research Fellow, University of Glasgow. 
Communicated by Dr. C. J. Martin, F.R.8. Received 
November 10,—Read December 1, 1904. 

It is now well known that the action of a haemolytic serum depends 
upon two substiinces, viz .: (<^) the immune-body, which is developed 
as the result of the injection of the red corpuscles of an animal of 
different species, and {!>) the complement, a labile substance which is 
present in the serum of the normal animal, and which is not increased 
RS the result of such injection. Ehrlich bos pointed out the similarity 
in the constitution of complements and of various toxins, and our own 
observations strongly support his views. We may, in the study of 
hiemolysis, consider the complement as a toxin, the red corpuscles 
treated with the appropriate immiuie-body as the object on which the 
toxin is to act, and the haemolysis as the indication of the toxic action. 
Ehrlich regards the complement as consisting of two chief atom-groups, 
the haptophore or combining group and the zymotoxic; but in speak^g 
of the action of sera he does not always carry out this distinction 
completely. For example, the efficiency of different complements as 
tested by their hremolytic or bacteriolytic effects is often taken as 

* The expenses of this research Were defrayed by a grant from the Gamegie 
Tmetees. 
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aridenoe of the degree of chemical affinity between the oomplementa 
and the immune-body. But it ie manifest that theoretically a com* 
plement may combine perfectly through the medium of the immune- 
body^ and yet produce little haemolysis, owing to the absence of 
sensitiveness td the zymotoxic group—combination or “complementing” 
may occur and yet hsemolysis be deficient or absent. The question 
which we have investigated is accordingly this—Where different 
complements differ in their action as shown by the dosage, both of 
complement and of immune-body required, does this depend upon 
differences in their combining affinities or upon differences in their 
toxicity ? 

In working out this problem wo have made use of three sera, viz.: 
(a) the serum of the rabbit injected with ox*s corpuscles, therefore 
h»molytic towards ox^e corpuscles, {b) the serum of the rabbit injected 
with guinea-pig’s corpuscles, (c) the serum of the guinea-pig injected 
with rabbit's corpuscles. In each case the haemolytic serum is deprived 
of its complement by heating at 56 C, and, therefore, contains only 
immxtne-body; it is accordingly inactive until complement (i.e., normal 
serum) is added. 

In this and the other tables the following abbreviations are used: 
IB »* immune body, and v, is placed before the name of the animal 
on whose corpuscles the immune-body acts, thus IB rabbit v. guineorpig 
signifies the immune-body obtained from the rabbit, and acting on 
guinearpig's corpuscles, C » complement, ID one haemolytic dose 
(of IB or 0 as the case may bo). 

In the first place, we may give in tabular form, the average dosage 
of the several complements with the different immune sera: the test 
amount of corpuscles being 1 c.c. of a 6-per-cent, suspension in 
0*8 per cent, sodium chloride solution. 


Immune-body 
and corpuscles tested. 

Babbit's 

complement. 

Guinea-pig's 

complement. 

Ox’s 

complement. 

IB rabbit e. ox 1 

015 O.C. 

J 

, 

0*025 c.c. 

00 

Ox*s corpuscles J 


IB rabbit e. gtunea-pig 1 
Guinea-pig's corpuscles j * * ’ * 

1 

016 

08 „ 

0*0d C.C.* 

IB guinea-pig «. rabbit 1 i 

Babbit's corpuscles f i 

06 „ 

007 

I 

0 *04 „ ♦ 


• Tke norraal serum of the ox has a stating hmnoljfclo action both on rahhif s 
and on guinea-pig^s eorpusoles, This is due to the presence of a natural immune* 
and it is not possiWe to remote this in the usual way by placing the serum in 
oontaot with the corpuscles at 0^ 0. We hare, however, made allowance for this 
oimtitstohoe, Mid the dosage of cmnpleinent has been calculated aooordingly* and 
may be taken as substantially correct, 

^ 2 A 
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Thia table ahowfi that in the cases studied the highest dosage of the 
complement of an animal occurs when used against its own corpuscles. 


Dosage of Immune-bodies with different Complements. 


Ooinplemcnt. 

IB rabbit r. ox. 

IB rabbit 
r. guinea* pig. 

IB guinea-pig 
tJ. rabbit. 

Kabbit’s .. 

0 ’008 o.c. 

0 008 c.c. 

015 c.c. 

G'ninea-pig’s. 


008 ,, 

0*016 „ 

Ox’s..... 

00 

p« 

0*02 „ 

i 




The most striking facts brought out in this table concern the relative 
doses of immune-bodies with rabbit’s and guinea-pig’s complements 
respectively, they are (a) in the case of an immune-body acting on the 
corpuscles of another animal (viz., ox’s corpuscles), its dose with 
rabbit’s complement is practically the same as that with guinea-pig's 
complement; (h) when the immune-body acts on guinearpig’s corpuscles 
its dose is ten times greater with guinea-pig’s complement than with 
rabbit’s complement, and a converse sUtement obtains in the case of 
the inunune-body to rabbit’s ooTpuscloa. It is also to bo noted that the 
immune-body to ox’s corpuscles does not bring about complete hs^molysis 
at all when the ox’s complement is used. 

Those tables supply the hsemolytic doses of the difibrent immune- 
bodies and complements; they do not, however, give us the facts with 
regard to their several comlunationB. In illustration of this we may 
mention that Ehrlich and Morgenroth,t finding that the dose of the 
immune-body to rabbit’s corpuscles obtained from the guinea-pig was 
ten times higher (as shown in the table) when rabbit’s complement was 
used than when guinea-pig’s complement was used, supposed that there 
were really two immune-l>odies, one present in large amount taking up 
gtiinea-pig’s complement and another present in small quantity taking 
up rabbit’s complement. This is manifestly a satisfactory theoretical 
explanation, but we have to enquire whether it is supported by 
facts. 

Wo shall accordingly consider the amounts of complement taken up 
through the medium of different doses of immune-body in the several 
cases. It will be convenient to take first the second and third sera, as 
above arranged. The method employed for estimating the amount of 

« W« have not euotteadad in gettinf a satisfactory estimation of the does of thil 
immune-body with ox’e oomplenient, owing to faUuve to ramove the natufsl 
immune^body for guinea-pig*# oorpuecle# in the ox*» aRrum. 

t Ehrlich and Morgenroth, * Boriin, klin. Woch.,* 1900, No, 8X. 
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oomplament taken up depends upon the firmness of union of comple- 
tnent, and has been described in former papers.* 


I. Irmwm-body to Gvdnea^g\^ Corpmclvs {ohtaifml by inj^cHn/ji the 
liahhit with iheae C4)'rpmcleii). 

(a) With Guinen-]n(/>^ Coinplemenf — 

We may first coiiipare the results when guinea-pig’s complement is 
used, with those when rabbit’s complement is usetL In the former 
c^ise the dose of complement is very high; in fact, more than ten times 
the amount of guinea-pig’s complement sufficient to hamiolyse ox’s 
corpuscles, is necessary to hsemolyse its own cor puscles. This might 
be due to the fact that only a fraction of the complement molecules 
suited the immune-body to guinea-pig’s corpuscles, or it might be due 
merely to weakness of toxic action of the complement. If the former 
wore the case the presence of the uncombined complement would be 
shown by adding the corpuscles of another animal treated with the 
correspondiiig invmuue-l>ody. The matter is put to the test by adding 
varying amounts of guinea-pig’s complement to guinea-pig’s corpuscles 
with their corresponding immune-body, and then after allowing 
2 hours at 37"' C. for combination, to test for the presence of comple¬ 
ment by means of ox’s corpuscles tr*eated with their immune-body. If 
we use 1 D of immune-body to indicate the amount necessary to 
produce lysis when rabbit’s complement is used, then 10 D will 
be the M.H.D. when guinea-pig’s complement is used. The following 
are the chief results which we have obtained. It is to be noted that, 
of course, if less than 10 I) is added complete lysis does not occur 
with guinea-pig’s complement, and in such oases the tubes are cen- 
trifugalised and the clear fluid is added to the indicator, ox’s 
corpuscles treated with their immuiie-body. This iridicator is 
iq)ecially suitable on account of the high sensitiveness of the corpuscles 
to guinea-pig's complement. 

Such an experiment may be graphically represented thus— 

Guinea-pig’s O + «IB f- x guinearpig’s C ; -f- Ox’s O + IB 

the small circle indicating red corpuscles, the vertical dotted line 
a period of incubation at 37"" C., n indicating a definite multiple of 
IB, And X varying amounts of C. 


Muir, * The Lanoat,* 1900, vol. 2, p. 446» and Muir and Btewning, * Boy. ftOc. 
; 9, UNH. 


2 A 2 
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IB Rabbit v. Guinea-pig. Guinea-pig’s C. 

Experiment XLIL—2 D of IB took up 0*08 c.c. guinea-pig’s C. 

8 „ „ 0-288 „ 

Dose of guinea-pig’s C about 0*3 c.c. 

„ XLJII.—1 D of IB took up 0*026 c.c. guinea-pig’s C. 

5 }) 0114 I) 

10 „ „ 0*254 „ 

Dose of C - 0*25 c.c. 

„ XLIV.—1 D of IB took up 0*014 c.c. guinea-pig’s C. 

14 „ „ 0*38 „ 

Dose of C ™ 0*36 c.c. 

„ LXIX.—1 D of IB took up 0*04 c.c. guinea-pig’s C, 

6 „ „ 0*28 ,, 

10 „ 0*48 „ 

Dose of C =* 0*4 c.c. 


From these results it is manifest that the large amount of guinea- 
pig’s complement necessary to produce lysis, combines completely with 
the guinea-pig’s corpuscles treated with the corresponding immune- 
body, there being, up to u certain point, no complement left over to 
act on the test corpuscles, and the large dose of immune-body 
necessary is simply due to this amount being required to bring the 
necessary complement into combination with the corpuscles. The 
guinea-pig’s complement has, therefore, a weak- toxic acMon on guinea- 
pig’s corpuscles, about ten times weaker than it has, for example, on 
ox’s corpuscles. 

The Amount of complement taken up ie calculated from the point at 
which free complement ie obtainable after time has been allowed for combination. 
It will be noticed that the amount of complement taken up it approximataly, 
though not strictly, proportional to the amount of immune-body present. The 
divei^enoe is more marked when higher multiples are used, as has been noted by 
one of us in the case of another combination; in other words, what is known as 
“ Ehrlich’s phenomenon,** is seen to a slight extent. As, however, there is very 
little evidence of diseooiation of complement after it has combined, the phenomenon 
in this case is probably duo to presence of complementoid. 

(b) Hobbit's Complenwnt — 

It will be seen from the tables that (a) the M.H.D. of immune-body 
in this case is small—about a tenth of that necessary when guinea- 
pig’s oomplomeiit is used, and {b) that the dose of complement also 
is comparatively small, in fact, practically the same as that necessary 
for the hsemolysis of ox’s corpuscles. In investigating the amount of 
rabbit’s complement taken up by means of multiple dos^ of immundi* 
body, interesting and at first very pusaling results mcnerged Al| 
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experiment of this land may be graphically represented as before^ 
thus:— 

Guinea-pig*s O + I® + ® rabbit*6 C : Guinea-pig's O + IB. 

In performing experiments of this kind we found that five or even 
ten doses of immune-body apparently led to the taking up of scarcely 
more complement than one dose of immune-body did; and further 
that the amount of complement apparently taken up seemed to 
become less, the longer the test corpuscles were left in the fluid. Thus, 
for example, at the end of 2 hours, 15 c.c. of complement might 
appear to be taken up, and next morning only *06 c.c. It appeared, 
therefore, (a) that multiple doses of immune-body did not lead to 
the taking up of corresponding multiple doses of complement, and 
{h) that the complement taken up appeared to dissociate again in 
part, though this phenomenon might possibly be due to the presence 
of some complement molecules with very slow action. When, however, 
we used as the indicator corpisdes treated with their corresponding 
immune-body, quite different results were obtained. The scheme is 
now;— 

Guinea-pig's O + ^ IB + ic rabbit's C • + Ox's O + IB- 
The following results will servo as examples:— 


Experiment LX,- 


-1 D of IB took up 0.2 C.C. 
3 „ „ 0*46 „ 

10 „ „ M6 „ 


rabbit's C. 


Xh« H.H.D. of C was only 01 c.c. bofora the experiment j it U powible that it 
may baye increased subsequently. 

Experiment LXVIIL—2 D of IB took up 0*28 c.c. rabbit's C. 

6 „ ,, 0*58 ,, „ 

10 ,, ,, 0*74 „ I, 

The M.H.D. of C was 0*06 c.c. 

0 

It is thus seen that when ox's corpuscles suitably treated are used 
as the indicator, the amomit of complement taken up increases as the 
amount of immune-body is increased, though there is a greater 
deviation from strict arithmetical proportion than when guinea-pig's 
complement is used. 

lie difference in the results obtained with the two indicators 

(guifiea-pig's and ox's corpuscles respectively), is manifestly due to 
1^6 fact that there is in the rabbit's serum a complement which acts 
on guinea-pig's corpuscles, and not on ox's corpuscles, and that this 
oai»|dement either becomes dissociated from the guinea-pig's corpuscles 
or combines in very small amount. On the other hand the Mef 
present acts on bo^ varieties, and its union is a firm one; 
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even with thk comlmiation, however, the amount taken up appeared 
to diminish somewhat over night. 

The faet almdy stated that, when guine&-pig’« oorpnsolea were used as the 
mdioator, additional doeea of immune-bod^ did not appear to lead to the taking-np 
of additional amounts of complement, raised the question whether there might 
not be two imnmne-bodiea present, one of which aoted with rabhit^s oomplement, 
and one with guinea-pig’s complement. iSvidencte of this was sought for by 
leaving the immuno-serum in oontaot witli the corpuscles for a time, then 
separating by oentrifugalisation, and thereafter testing th(» dose of the un- 
combined immune-body with rabbit’s and with gnmoa-pig’s oompleinent respec¬ 
tively. It is evident that if two immune-bodies were present, and were taken up 
by the oorpuselcs in different proportions, then the relative doses of the separated 
fluid would become olianged. Such an iuTestigatiou is theoretically of simple 
nature, but it is difficult to carry it out exactly, owing to the fact that it is not 
possible to remove completely the natural immunc-hody from the rabbit's serum, 
i.s., to make this serum entirely devoid of heemolytio action. In sevcnvl experi- 
menu, however, allowance being made for this circumstance, it appeared that the 
relative doses with the two complements did alter in the way that the dose with 
guinea-pig’s complement became relatively still higher, i.e., after the contact with 
the corpuBoleft there seemoil to be immune-body molecule# left, which aiCt«d 
with rabbit’s, but not with guinea-pig’s oomplemont. This may mean merely that 
the molecules of immuue‘bt>dy vary in their combining affinities, and that those 
vritU the weaker affinity act with the more powerful complement (rabbit/s). The 
question is one of great complexity, and we have not attempted a lull solution, os 
it did not appear nm^cssary for the purposes of the present research. Everything 
goes to show, however, that the great majority of the immune-body molecule# act 
both with rabbit’s and with guinea-pig’s complement j and we found that the 
presence of a small amount of guinea-pig’s complement kept out of oombinafeion a 
certain amount of rabbit’s cv>mpiement, and vice vered, 

(c) (k*ii CompUmmt — 

The ox's complement is not a very stiitahle one to employ in this 
combination, aa the natural serum of the ox has a very powerful 
haemolytic action in itself, ami it is only possible to remove ft small 
proportion of the natural immune-botly by contact experiments. 
Nevertheless, we have found that the dose of ox’s complement, along 
with the iminune-bo<iy to gninearpig’s corpuscles, is a small one, and 
there is no doubt that ginnea* pig’s corpuscles are very sensitive to the 
zymotoxio action of ox complement. 

When we come to investigate the combining affinities, we find that 
multiple doses of immune-l)ody have very little effect on the amount of 
ox's complement taken up, the amount taken up by means of from four 
to eight doses, for example, being very little more than that taken up 
by means of one dose. This may be due to a true want of eombimug 
affinity on the part of the complement, or it may be due to the 
combination being a very loose one. It may be no^ however, that 
there is practically no evidence of dissociation of complement in the 
course of 12 hours. The following will serve as an examjde 
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Experiment LXXIV*—1 D of IB took up 0*04 c.o. of ox'e 0. 

4 ,1 », 0*042 j; ,, 

8 


The indicator waa guinea-pig’s corpuscles treate<i with immune-body, 
for which the dose of ox’s complement was 0*02 c,c. 


//. InummcAiotiy to liMdVs Carjmucles {obtained tty injeding the Giiinm^ 

my 

(a) With IiabbU\'< (.*omplanm(.— 

Thin case is in many ways analogous to that of the immune-body to 
guinea-pig’s corpuscles along with guinea-pig’s complement, Tn both 
cases the haemolytic dose of immune-body is ten times greater when the 
complement of the animal whose corpuscles are })eing tested is used, 
than when the complement of the other animal is used, ’rhis will be 
seen from the table. In this case, also, the dose of rabbit’s comple¬ 
ment is high, just as in the previous case the dose of guinea-pig’s 
complement was. How much rabbit’s complemetit is taken \ip when 
midtipla doses of immune-body are used ? 'I'he scheme of experi¬ 
ment is:— 


lifihbit's O + ^ IB + rabbit’s C/ * + Ox’s O + IB- 

The following are some of the results :— 

Experiment LXIL—1 D of IB takes up 0*14 o.c. rabbit’s C. 

10 ,, ,, 1‘16 ,, ,, 

„ LXlll.—1 1) of IB takes up 0*22 c.c. rabbit’s C. 

10 „ ,, 1*12 ,, ,, 

„ LXVI.—1 D of IB takes up 0*086 c.c. rabbit’s C. 

b ,, ,, 0*65 }, ,, 

10 }i ,, 0*9 ,, ,, 


Dose of rabbit’s C with rabbit’s corpuscles « 0*6 c.c. “ 1 D ” »=* M.H.D* 
of IB along with guinea-pig’s C. ** 10 D ” ^ M.H.D. with rabbit’s C 
{ifide tables). 

It will be seen that there is no lack of combining-power on the i>art 
of rabbit’s complement, and that the amount incrwises with the amount 
of immune-body, though considerable deviations from exact arithmetical 
proportions are mot with. Sometimes more, proportionally, is taken up 
by 10 hmmolytic doses than by 1 haemolytic dose, sometimes less; we 
have met with the former phenomenon in several other experiments 
than that quoted, and are not able to give at present an explanation of 
it* Another point is that the haemolytic dose of immune-body 
{impressed as ^*10 D. d IB.”) leads to the taking up of more than a 
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h 8 amol 3 rtic dose of rabbit’s complement. This phenomenon is, probably, 
related to the fact brought out by Morgenroth and Sachs,^ that the 
M.H.D. of complement sometimes varies greatly, according to the 
amount of immune-body used, and, conversely, the M.H.D. of immune- 
body may vary greatly, according to the amount of complement. The 
explanation of this is also outside the scope of the present paper. 

(b) With GuimorPig^H Cam^plemsfU — 

The combination of guinea-pig’s complement may be exemplified by 
the following:— 

Experiment LXIL—1 D of IB took up 0*04 e.c. guinea-pig’s C. 

10 „ „ 0*36 „ 

„ LXIIL—1 D of IB took up 0*012 c.c, guinea-pig’s C. 

10 ,, „ 0*27 „ „ 

The indicator was ox’s corpuscles treated with immune-body. Here 
we have variations corresponding to those noted above. 

We have also found that with this immune-body a small quantity of 
giunea-pig’s complement keeps out of combination a certain amoimt of 
rabbit’s complement, and that saturation with rabbit’s complement 
implies practiwil saturation for guinea-pig's oom^plement aUo. A 
similar statement applies to rabbit’s complement keeping out guinea- 
pig’s complement. 

(c) WUh Ox’s Oomplejmnt — 

Owing to the lack of serum, we have been unable to study the 
combining relationships of ox's complement through the medium of this 
immune-body. This defect, however, cannot modify the main conclu¬ 
sions arrived at. 

111. Imnviim-hody to Ox’s Corpmles {obtained by injecting the Babbit). 

It will be seen from the tables above that the dose of immune-body 
is practically the same with guinea-pig's as with rabbit’s complement. 
The dose of the latter complement is the higher, and in a previous 
papert it was shown that this was probably due to a smaller number 
of complement molecules in a given volume of serum, rather than to a 
weaker action of the zymotoxic group. The combining relationships 
the two complements have also been fully discussed there, so that it 
is unnecessary to repeat the results obtained. It is su^cient to say 
that they behave as regards combination in haemolysis pretty much as 
if they had the same haptophore groups. We shall refer merely to the 
action of ox’s complement along with the above immune-body. 

With this combination it is usually impossible to produce more than 
a fraction of lysis in the corpuscles (usually not more than a tenth), no 

« Morg«iiroth and Ssohs, * Berlin, hlin. Wooh./ 1902, Ko. 29. 

t Muir and Bfowninif, * Boy. Soc. Broc.,* Juns 9,1904. 
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matter bow large amounts of immune-body and complement are used; 
in only one case did we get a considerable amount of lysis, about three- 
fourths. We never obtained complete lysis, however. In other words, 
the ox’s serum does not complement.” Is this due to want of 
combining power of the ox’s complement, or to the deficiency of toxic 
action 1 This question can be answered by finding the amount of 
complement tiiken up when varying amounts of immune-body are used. 

The scheme is :— 

Ox’s O + n IB -h X ox’s C i guinea-pig’s O + 

As lysis does not occur in the first stage, the contents of each tube 
are oentrifugalised, and the fluid is added to the guinea-pig’s corpuscles. 
The following results were obtained:— 

Experiment LXXIII.—1 D of IB took up 0*04 c.c. ox’s C. 

4 „ 0*05 ,, ,, 

^ >> »j n )i »» 

Dose of ox’s complement for guinea-pig’s corpuscles s® 0*03 c.c. 

Experiment LXXIV.—1 D of IB took up 0*014 c.c. ox’s C. 

4 „ „ 0*02 „ 

^ i» If it »» 

Dose of ox’s complement for guinea-pig’s corpuscles » 0-02 c.c. 

From these it is evident (1) that a considerable amount of ox’s comple¬ 
ment is taken up by one dose of immune-botly (*>., by 1 M.H.D. as tested 
with rabbit’s or guinea-pig's complement), but this amount of comple¬ 
ment, which may be more than sufficient to produce complete lysis of 
rabbit’s or guinea-pig’s corpuscles, produces almost no lysis of the ox’s 
corpuscles, and (2) the total amount of complement which can be taken 
up is almost reached with one dose of immune-body, additional doses 
of immune-body scarcely increasing the amount. There is, of course, 
in this ease, no possibility of the phenomenon being due to dissociation 
of complement after combination, as the ox’s corpuscles are removed by 
centiifugalisation before the guinea-pig’s corpuscles are added, and, 
therefore, any oompiement obtainable must have been free in the fluid. 
Accordingly, we have here, again, an example of the relative non¬ 
sensitiveness of an animal’s corpuscles to the action of its own comple¬ 
ment when it is brought into union with them by an immune-ljody. 
But, in addition, there is, unlike the two previous cases, a deficiency 
also in the combining power of complement beyond a certain point, or, 
in other words, only a small proportion of the molecules of the red 
corpuscles combined with immune-body (R-t-IB molecules) take up 
ox^B complement. 

!nie fact that in the case just described, only some of the B-f IB 
liao^oules take up complement is of considerable theoretical importance. 
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It is to be noted that almost all the B + IB molecules capable of taking 
up complement are present after the addition of one dose of immune* 
b^y, and that the subsequent addition of the same immune-body molecules 
scarcely increases the amount of complement taken up, though these 
molecules combine with the receptors of the red corpuscles. It would 
therefore appoir that the failure on the part of an R + IB molecule to 
combine with complement, is due in some way to the receptors and not 
to the immune-body. According to Ehrlich^s theory the amboceptor 
(immune-bo(.ly) lias practically no affinity for complement in the free 
state, hut acquires that affinity when combined with the tissue or 
bacterial molecule. But the result above stated would, according to 
the amboceptor hypothesis, imply that only some molecules caj)abl0 
of combining with immune-body give the latter affinity for comple¬ 
ment. According to the view that the immune-body renders the tissue 
molecule capable of taking up complement, the explanation would 
simply be that some of the molecules of the ox^s corpuscles have no 
combining-group for the ox’s complement, though they enter into 
combination with immune-body. It is not possible on theoretical 
grounds to establish either of these hypotheses by the exclusion of the 
other, but whichever may be ultimat^ely established, the importance of 
the nature of the tissue molecule in determining whether complement 
will be Uiken up or not is brought out with sufficient clearness. 

If wc consider the action of guinea-pig’s and rabbit’s complements, 
it will appear that the striking variations in dosage brought out iu the 
original tables, are due to the zymotoxic and not to the haptophore 
group. The combining relationships of the two complements may be 
compared in another way, viz., by adding a large amount of immune- 
body, say ton doses, and finding the ratio of rabbit’s to guinea-pig’s 
complement taken up in the case of the throe sera. We have carried 
this out, and the following are the results. It was found most 
convenient to compare only two sera on the same day. Manifestly, 
only the two ratios in the same experiment are comparable. 


Experiment LXX“ 



Ratio 
of two Ca. 

Ox'« (jorpuftclee . 

,, 41 

TO I) li? mok 

»> n 

Up 0*44 <*.o, guinra-pigV C 
0*50 „ rabbit‘a C 

. 1 : X-27. 

Uumeft-pi^V wrpviseiw. . 

»i t, ' • 

•) >» 

0*4H „ guinwft-pig'a 0 
0*66 „ rabbit’s C j 

• 1 : in. 

Experiment LXXl — 

Ox*8 corpujicleB . 

rOD IBtook 

up 0*18 c.o. guinea-pig'a C 

k 1 : 8-tt. 

»» ») 


0'4i8 „ rabbitVC 

Guiuett'pig’e corpueclea.. 


0’28 „ guinea-pig’a 0 

■ 1 : ai. 

»» n • • 


0*6 „ rabbit’s 0 J 

Experiment L XXII — 

Ot*A corpneclea . 

10 D IB ijodk up 0*26 o,o. gninea-pig’* 0 ] 

•1 ; l i. 



0*86 „ rabbiVa C J 

Babbtt*« oorpuaelee. .... 

„ ,, .... 

»» » 

»» n 

0*66 „ gutnea-pig’a 0 1 

0*64 „ mbbtt'a 0 J 

llU 
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It is thus seen that a comparatively close oorrespoiiderice, considering 
the conditions of experiment, is brought out between the combining- 
ratios of the two complements in the case of these three sera. 


The chief results may be summarisml as follows ;— 

1. Ill the action of a complement there are two distinct factors, viz., 
(tt) power of chemical combination, and (b) toxic action, corresponding to 
the “haptophore*' and the “ zymotoxic "groups of Ehrlich ; deficiency in 
the action of complement (or in “ oomplomenting") does not necessarily 
imply want of comliining affinity, but may be entirely due to the non- 
sensitiveuess of the tissue-molecule to the zymotoxic grou]). 

' 2. In the case of the three luemolytic sera studied the outstanding 
fact is the largo dose both of immune-body and of complement neces¬ 
sary when we use the complement of the same species of animal as that 
whose corpuscles are being tested. 

3. In all three cases there is a relative non-sensitiveness of the 
coipuscles of the animal to the zymotoxic griaip of its own com pie- 
mentj hence a large dose of immune-body is requisite to bring into 
comlunation the amount of complement necessary fur* hamiolysis. In 
one case (that of the ox) there is also a deficiency in the combining 
power of the eomplement with the receptors of the red corpuscles 
united to immune-body; from the two conditiemH acting together 
complete haemolysis cannot be obtained. 

4. Although differences among the molecules of the same immune- 
serum may occur, we have found no evidence that the striking 
differences in the dosage of the immune-body with different comple¬ 
ments, and also in the dosage of various complements, are due to 
multiplicity of immune-bodies. 

No one has yet succeeded in producing an anti-suVmtauce or immune- 
body by injecting an animal with its own corpuscles or cells—such 
a body as with the aid of complement would produce destniction of 
these cells. This is manifestly a provision against self-poisoning, and 
Ehrlich has applied to it the term autatoxicus horrm'. The results which 
we have brought forward, if they were found to hold generally, would 
go to show that even if some substance should appeal' which acted 
an immune-body, there is a provision whereby the complement of an 
animal should produce comparatively little harmful effect. 


SIO Miss F. M. Barham. On ihe Frmnee of [Kov, 10, 


^ On the Presence of Tyrosinases in the Skins of some Pigmented 
Vertebrates.—Preliminary Note ” By FiiOKENCE M. Buuham. 
Communicated by W. Bateson, F.RS. Received November 
10 ,—Read December 1, 1904. 

(From the Balfour Laboratory, Cambridge.) 

Ill the course of an investigation of the ** heredity of coat-colour in 
mice,” the necessity for further knowledge, concerning the formation 
of pigment, became evident. 

In the hairs of these animals, there are apparently three pigments 
{probably different forms of melanins), yellow, chocolate, and black. 
The characteristic colour of each mouse is due to the presence of one 
or more of these pigments. Thus, the yellow or “ fawn ” mouse has 
only yellow pigment in its hairs, the chocolate mouse has only the 
chocolate pigment, a black mouse has l)oth chocolate and black pig¬ 
ments, while the house mouse or “ agouti ” mouse has all three 
pigments in its hairs (1). 

The differences in the nature of these pigments have not been 
worked out as yet. Much work, however, has been done upon the 
origin of melanins and on their relationships to the aromatic decom¬ 
position products of proteids, 

In 1901, V. Fiirth and Schneider (2) showed that a tyrosinase could 
be obtained from the blood of certain insects. This tyrosinase acted 
upon a chromogen present in the blood, and converted it into a 
molanin-like substance. When a solution of tyrosin in water was 
treated with the ferment, a melanin-like body was also obtained. 
According to the observations of Przibram (which are published with 
those of V. Furth and Schneider), a tyrosinase can bo extracted from 
the ink-sac of St^m ojficimlis. This ferment, acting in a like manner 
upon a watery solution of tyrosin, yields a black pigment, probably a 
melanin. Ducoeschi (3) has shown that a similar ferment can be 
obtained from the blood of niori. 

Arguing from these facts, Cu^not (4), in a paper on the “ Heredity 
of Coat-Colour in Mice,” suggests that the formation of pigment in 
these animals is due to the presence, either of different ohromogens 
and one ferment, or of two different ferments and one chromogem 
The results of the action of the ferment on the chromogen would be 
to produce the characteristic colour of the mouse. The alteration ol 
colour would be due either to the presence of a different ohromogen, or 
to the presence of a different ferment. 

It seemed worth while, therefore, to determine whether a ferment 
could be extracted from animals, which, like the mouse, are 
lagmented in their coats; and to test whether, if such a ferment eo^ 
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be obtained from the skins of these animals, pigmented substances 
corresponding in colour to those of the animals taken, could be formed 
by the action of the fermetit upon tyrosin or allied bodies. 

I choso, for this purpose, the skins of young or foetal animals, 
because those are in a condition of active pigment-formation. The 
study of adult forms shows that the older animals moult gradually, 
and that they would, therefore, in all probability, yield less material. 

As young mice are very small, 1 preferred to use new-born rabbits 
and rats (of black or agouti origin) and fcetal guinea-pigs (about 
8 weeks). In the case of the guinea-pigs, the skins of the mothers 
were also used for comparison. 

The skins, having been removed from the animals, were chopped in 
a sausage-machine, and ground in an agate mortar with kieselguhr 
and distilled water. The use of this morttir was kindly permitted to 
me by Professor Sims Woodhead. llie ground-up skins were then 
pressed out as completely as possible. 

The expressed juice was red, and opaque in ap[>earance. A portion 
of it was placed in a test-tube with solid tyrosin, and a milligram of 
ferrous sulphate was added as an activator. Toluol was then added 
as an antiseptic, and the tube was closed with cotton-wool, and placed 
in an incubator at 37C, 

For comparison, a series of tubes were prepared, in order to control 
the experiment. In the first tube boiled juice was placed, to which 
tyrosin and ferrous sulphate were added. In the second tube juice only 
was placed. The third tube contained juice, to which tyrosin was 
added. The fourth tube contained the juice, with a milligram of 
ferrous sulphate. The fifth tube contained no juice, but tyrosin in 
distilled water, with ferrous sulphate. These tubes were all placerl in 
the incubator. 

A similar series of tubes was also prepared, and kept at the ordinary 
temperatui^ of the laboratory. A tube containing juice, tyrosin, and 
ferrous sulphate was also prepared, and kept at the laboratory tem¬ 
perature. In every case, toluol was used as an antiseptic. Cotton* 
wool was used to close the tubes, on account of the action of iron 
upon cork, which might introduce an error into the result. 

In 24 hours, the contents of the tube, which was incubated, 
containing the juice, tyrosin, and ferrous sulphate showed a change in 
appearance. The tiuid had darkened and a black substance was 
deposited; the amount of this substance increased as time went on. 
In no case did any of the other tubes arranged to control the experi¬ 
ment show any such change. 

In one case, when considerable juice had been obtained from a 
number of young black rabbits, about 2 days old, a certain quantity of 
Ibe juice was kept, in order to test the effect of time upon it. After it 
Imd been tested, it was kept standing for two days and fresh tubes 
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were prepared from it. The blackening and formation of black substance 
occurred as l>ofore, but 48 hours in the incubator were required before 
the action commenced. The same juice was found to have lost its 
activity when kept for a week. 

Eicperinients were then made with extracts of skins, which had 
been kept in alcohol (95 per cent.). The skins were chopped and 
ground with kieselguhr and distilled water, and pressed out as before, 
The resulting extract was colourless and cloudy in appearance. When 
treated with tyrosin and ferrous sulphate, and incubated, the same 
results were obtained, viz., darkening of the fluid and the formation 
of a black deposit. The time of action was delayed, so that about 
10 days were necessary,, for the change of colour to appear. 

I also triwl the skins of black unhatched chickens, which had been 
kept in 95 per cent, alcohol, and obtained like results from them, lliq 
exti'act from the skins of the chickens was clear and colourless. After 
the darkening hnd commenced, I filtered the solution and added more 
tyrosin, and in this way, I was able to get a further deposit of black 
substance. 

Solutions were pre|>ared in another way. Juice, which had Ireen 
obtained from the skins of fresh animals wtis saturated with ammo¬ 
nium sulphate. The resulting precipitate was filtered off, and was 
then washed with a solution of satimated ammonium sulphate, dissolved 
in distilled water and re-precipitated by saturation with ammonium 
sulphate. On re-dissolving this precipitate in distilled water, a certain 
portion of it was found to bo insoluble. This was filtered off and the 
filtrate was diiilyeed against distilled water. When free from sulphate 
(as shown by testing with lead acetate solution), the clear, colourless 
fiuid was treated with tyrosin and ferrous sulphate and incubated. 

As before, pigment was formed, and as in the (wise of the skins preserved 
in alcohol, the action was delayed. Almut 10 days were required. 

Amongst other animals tested in this way, I used self-coloured 
** red guinea-pigs. 1 used the foctal young and also the mother for 
comparison. The hair of this kind of gmnea-pig contains only one 
pigment, deep yellow or orange in colour. 

In the case of the young guinea-pigs, the solution became yellow 
and an orange-coloured deposit was formed. I filtered this off, and 
on the addition of more tyrosin, a fresh orange deposit was obtained. 
The extract made from the skin of the mother also changed in 
colour and yielded a yellow deposit, but lees in amount than in the 
case of the young animals. 

Hitherto, material from white or albino animals has yielded no 
results, but the animals obtained were too few for final ooaclusions to 
be formed in regard to them. Up to the present, only minute quanlltaes 
oi the coloured substances hare been obl^ned, insufficient imr oompleita 
analysis. They resemble meianins in being soluble in alkslis an^ 
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insoluble in mineral acids. Further experiments are in progress, on a 
larger scale, to endeavour to produce enough for a thorough analysis. 

Smmnary. 

An extract can bo mado from the akine of certain pigmented 
animals (rabbits, rats, guinea-pigs and chickens), which will act upon 
tyrosin and produce a pigtnonted substance. This action suggests 
the presence of a tyrosinase in the skins of these animals. 

The action of the tyrosinase is destroyed by boiling, does not take 
place in the cold, is delayed by time, requires a temperature of about 
37'’ C., and also the presence of an ^ctivatin^ substance such as 
ferrous sulphate to start it. , 

The coloured substances produced are in accordance with the colour 
of the animals used. Black stibstancos arc obtained, when animals 
with black pigment in their skins are used, and yellow substance, 
when the skin contains the orange pigment. The coloure<l substances 
are soluble in alkalis, but insoluble in acids. 

In conclusion, I take this opportunity to express my gratitude to 
Dr. Hopkins, to whom I am indebted for help and advice in the 
foregoing experiments. 
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On the Structure and Affinities of Fossil Plants from the 
Pala‘o?!oic Jiocks.—V. On a New Type of Sphenophyllaceous 
Cone {Sphentyphylhim feHih) from the Lower ("oal-measures/' 
By 1). H. SnoTT, M.A., Ph.L)., F.K.S. Honorary Keeper of the 
Jodrell l,aboratory, lioyal Botanic Gardens, Kew. Eeceived 
November 22,—Bead December 1, 1904. 

(Abstract.) 

The claas SphenophyHales, of which the fossil descriljed is a new 
representative, shows on the one hand clear affinities with the Equise- 
tales, while on the other it approaches the Lycopods; some botanists 
have endeavoured to trace a relation to the Ferns. The nearest allies 
among recent plants are probably the Psilotacese, which some writers 
have even proposed to include in the Sphonophyllales. 

The new strobilus appears to find its natural place in the type- 
genus SpJieTwphyllum^ as at present constituted, but it possesses peculiar 
features of considerable importance, which may probably ultimately 
justify generic separation. The specimen, of which a number of 
transverse and longitudinal sections have been prepared by Mr, Lomax, 
is from one of the calcareous nodules of the Lower Coal-Measures of. 
Lanoashire, and was found at Shore Littloborough, a locality rich in 
petrified remains, now being opened up by the enterprise of the owner, 
Mr. W. H. Sutcliffe. 

The close affinity of the strobilus with Sphemphyllum is shown by 
the anatomy of the axis, M^hioh has the solid triarch wood characteristic of 
that genus, and by the fact that the whorled sporophylls are divided 
into dorsal and ventral lobes, as in all other known fructifications of 
this class. But, whereas, in all the forms hitherto described, the lower 
or dorsal lobes are sterile, forming a system of protective bracts, while 
the ventral lobes alone bear the sporangia; in the new cone, dorsal and 
ventral lobes are alike fertile, and no sterile bracts are differentiated. 
On this ground the name SpJvemphyllum feiiile is proposed for the new 
species. 

Each lobe of the sporophyll divided palmately into several segments, 
the sporangiophores, each of which consisted of a slender pedicel, 
terminating in a large peltate lamina, on which two pendulous sporangia 
were bonm. In the bi-sporangiat»e character of the sporangiopbores, 
and in other details of structure, SphefWphyUum fertile approaches the 
BcfmimUes Roimi of Count Bolms-Laubach, while in the form and 
segmentation of the sporophylls there is a considerable resemblance to 
the Lower Carboniferous genus Chdrostrobue. 

The wall of the sporangium has a rather complex structure, the most 
interesting feature in which is the well-defined amall-celied stondum^ 
marking the line of longitudinal dehiscence. 
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The spores, bo far as observed, arc all of one kind; they are ellip¬ 
soidal in form, vdth longitudinal crests or ridges; their dimensions are 
90—96;/. in length by 66—70 in width. 

The most characteristic j/oint in the structure of tlic new coue—the 
fertility of both dorsal and ventral lobes of the Hj)orophyll—is regarded 
as more probably due to special inodification than to the retention of a 
primitive condition. 


"On the Oonvergenee of Jnfinito Series of Analytic Functions.*’ 
By H. A. Webb, B.A., Fellow (»f Ti’iuity College, Cambridge. 
Coninmnicateii by Professor A. E. Fousyth, Sc.l)., LL.D., 
F.E.S. Tie(;eived November 10.~Kead November 24, 1904. 

(Abstract.) 

Consider the differential e<jnation 

\/Qo, Qii Q-j, . . are one-valued analytic functions of -c-, independent of 
k'i k is a constant, and the scriee <iefining Q is co!ivergent for all values 
of A’, such that 

|A|>K, 

except at the singulai-ities of the functions 
Q.> Qh Q... . . . 

Exclude points in the ^^-plane indefinitely near these singularities. 

The series 

y “ 4 - . ad inf?j 

+ 4 4 , ^ . ad inf?^ , 

where w ^ ^ are functions of z independent of A, can be formally and 
uniquely constructed to represent any given particular integral of the 
differential equation. 

For all values of z not excluded the series 






are convergent, and when A is very large, 



is an approximate value of the integral, 

vouxxxiv. 
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By means of this theorem approximate expressions for Large values 
of one or more of the arguments can l»e found for many functions that 
occur in analysis and satisfy linear difForential equations of the second 
order. For instance, the approximate solution of Lamp's equation 

^ - n (n +1) k^nh + B 

y (irS- 

for large values of v is 

sn [(h (dir; + (dn: + 

whore Ci and Cj are arbitrary constants. 

Wo can often dotormino the condition of convergence of an infinite 
series of functions hy I'cplacing the ath term by its approximate value 
for large values of a. For instance, the series of Lame's functions^ 

(sin .>•). F;; (sin t), 

»ir=l 

where the r's are arbitrary constants, subject to the condition that the 
series ^ 

has unit radius of convergence, convt?rge8 if 

where 

The limitation of the method is noteworthy; we cannot find the 
condition of convergence of the expansion of a given function in an 
infinite series of given functions without knowing— 

(i) That the expansion formally exists ; and 

(ii) The approximate, if not the accurate, value of the nth term in 
the expansion for largo values of n. 

In the case of an expansion in hypergeometric functions, the limita¬ 
tion may be removed with the help of two theorems :t— 

(i) If </) (r) be a solution of the linear differential equation of the nth 
order, 

(a<) + aic+ . +(Ao-f ^2^+ . . . ^ 

+ > . , 4* (/^o"f-I'lt) 0, 

the coefFicient of being a polynomial in z of* order r; then 

* Tb« notation in that of Byorly (* Fourier^ Series and Spherical HAnaonicc,' 
p, 265 (1825)), 
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/W = 

taken along a suitable path, satisfies the equation, and there are in 
general (a - 1) such integrals linearly independent. 

(ii) If u and v be integrals of the equations 

. j K d^U , , \ dtf / / V rv 

{^) „ + ((>.,(,:) 4 . (:) „ ^ 0 , 

and 

4>1 ( i ) § + .#.2 (*) J + (^)« - 0 , 

where </>], <^< 5 » holomorphic functions of and a, /i are two 

unequal constants, the integral 



L 


vanishes if L is a suitably chosen path. 

We deduce the following result:— 

Let (;c) be any function of z which is regular at all points in the 
interior of an ellipse, C, whoso foci are at the points z — 0 and z ^ 1. 
The ellipse passes through one (or more) of the singularities of 
The curve is thus completely defiimd when </> (.•;) is given. Further, let 
j9, 2 , 7 be any constant quantities whatever, real or complex, save that 
neither (jP-f 1) nor 7 is a negative integer. Then </)(:) can be expanded 
in the infinite soiies of hypergeomotric functions. 

OD 

-a«F(;i+n, 7 -«, y,z), 

where 

^ (7 ~-y+ n - 1 ). n (p + w - 1 ) 

^ {11 ( 7 -Tip . n (n -y). n (> - 7 Tnr 

r(0 + , 1 + , 0-^-, t- ) 

\ (1 - /)!»• y, F (j) + a, q - w, 7 ,0. */> (0 . dL 

j 

The series is convergent if ,7 is inside C, and diverger»t if z is outside 
C; if is on C the series is in general oscillatory and the expansion 
fails. 
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**Memoir oa the Theory of the Partitions of Numtera. Part III," 
Hy Major P. A. MacMation, Sc.D., F.R.S. Received 
November 21,—Read December 8, 1904. 

(Abatract.) 

In this communication a “general magic square” is defined as 
consisting of nund^ers arranged in u square in such wise that each 
row, column, and diagonal contains a pfirtition of the same number. 

Such squares can l>e added together, by addition of corresponding 
numbers, without losing the magic property, and we can thus speak 
of a linear function of squares of the same order, the coefficients being 
integers. The squares can, in fact, be regarded as numerical magnitudes, 
and can be taken as the elements of a linear algebra. Hince, moreover, 
arithmetical addition can be made to depend upon algebraical muLtiplb 
cation, the properties of the magnitudes can be investigated by means 
of a non-linear algebra. 

The pro[)erties of a magic square can be exhibited by moans of a 
system of homogeneous linear diophantine equations, so that it 
immediately follows that there is syzygetic theory of such formations. 

The method of procedure is set forth and worked out in detail for 
the third order. 

In Section 10 the general question of enumeration associated with 
a given sum is considered, and some particular results obtained. 

The methods are applicable not only to general magic squares as 
herein defined, but to all cases of forms in “ Arithmetic of Position,” 
which retain their properties after addition of corresponding elements. 
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Note on a Means of producin ;4 a High-voltage, Continuous or 
‘ PertinaciouB* Current/' By Sir Ouvrk J. Lodgk, F.RS, 
Received November 24,—Read December 8, 1894. 

The methods hitherto employed for propelling a current through 
very high resistance have involved the use either of a very large static 
inductive machine, such as that of Wimshurst and others^ or a battery 
of a very large numl>er of cells, as employed by De la Rue, Trowbridge, 
etc. The author finds that by the use of high-tension mertiury-rectifiers 
the same result (;an bo attained with ordinary sources of supply, 
by transforming and utilising the current from any stejidy or alternating 
main. In particular the use of rectifiers enables a high-tension inter- 
mitteut or jerky current, such as that from a Ruhrakortf coil, to be 
trapped, and the supply st/ored in a couple of reservoirs, all the positive 
pulses in one, all the negative in another, whence they can be con¬ 
tinuously discharged through any high resistance. 

The author proposes to exhibit the effect at a forthcoming soiree. 
The arrangement was originally designed for the purpose of discharging 
large quantities of electricity into the air for the purpose of coagulating 
mist and fog. 
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“The Halogen Hydrides as Conducting Solvents.—Part III. The 
Transport Nunihers. Preliminary Notice/’ By B. I). 
StEKtE. Goniniunicated by Sir WlLMAM Eamsay> K.C.B., 
F.E.S. Received November 29,—Read December 15, 1904. 


In continuation of this investigation'* the transport numbers of 
several 8ul>8ttinces have boon measured when dissolved in liquefied 
hydrogen bromide. 

The substances selected were ethyl ether, acetone, methyl hexyl ketone 
and triethy)ammonium bromide, the first two of which have been 
shown to form compounds with hydrogen bromide. 

As a preliminary to the main series of exjwriments the validity of 
Faraday's law for solutions in hydrogen bromide was tested, and the 
law found to hold within the limits of the errors of experiment of 
the method employed, which consisted in the direct comparison of the 
amount of hydrogen evolved during the electrolysis of various substances 
in hydrogen bromide solution, with the weight of silver deposited at 
the cathode of a silver voltameter. 

In one experiment the amount of hydrogen evolved was 19*7 c.c., 
the hydrogen equivalent of the silver deposited being 19*8 c.c. 

The transport ntimbers were determined by the method of Hittorf 
at a temperature of - 81/. 

Great difficulties were experienced in carrying out the analyses with 
the required degree of accuracy, and the method of analysis finally 
found to be successful was one depending on the direct weighing of 
the whole solution to be analysed in a siwcially constructed absorbing 
apparatus, and the subsequent determination of the hydrogen bromide 
by titration, the difference giving the amount of dissolved substance 
contained in the solution taken. 

The following mean values were found for the transport number of 
the catiorj; - 


Ether. 

Triethy lam moni\im bromide 

Acetone .. 

Methyl hexylketone. 


n ^ 1*0, 

p - 0*82 

n ^ 0*5 to 0*75, 

p » 0*20 

n ^ 1 *04, 

p - 0*35 

n ^ 1*0, 

p « 0*38 

n iss 1 *8, 

p - 0*95 

n 0*9, 

p 0*89 

w 1*8, 

P 0*77 


n ^ concentration expressed in gramme-molecules per litre. 
p ^ cation transport number. 

The experiments show that the cation transport number increases^ 
with increasing concentration, and that the ether (or acetone, &e.)i 
' functions as the cation or as a component part of it. 

• * hee * Roy. Sou. IProe.,’ 78, pp 450-485. 
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“The Halogen Hydriden as Conducting Solvents.—Part IV> 
Preliminary Notice.** By B. 1). Stkki.b, D. MTntpsh, and 
E, H. AKomiiAnTx Communicated by Sir William Eamsay, 
K.C.B., F.K.S. Beceived November 29,—Bead December 1,5, 
1904 


Becent investigations have shown that the power of forming con¬ 
ducting solutions is manifested to a greater or less extent by a large 
number of inorganic and organic solvents. Some of the resulting 
solutions behave in a similar manner to those in water, as regards the 
variation with dilution of the molectilar conductivity /a, and of the 
average molecular weight of the dissolved substance. Others show a 
variation of /x which appears to bo inconsistent with Arrhenius* theory 
of ionic dissociation. 

Conducting solutions in which the halogen hydrides and sulphuretted 
hydrogen act as solvents, are .strikingly abnormal, and show, as has 
been pointed out in Parts 1 and 2,* an enormous diminution of /x with 
dilution, instead of the steady slow increase require<l by the theoiies of 
Arrhenius, Van*t Hoff and Ostwald. 

These abnormal results can, we believe, be simply explained on the 
assumption that the dissolved substance enters into combination with 
the solvent, and that the resulting compound undergoes ionic dissocia¬ 
tion, It can be shown from the law of mass action that, if n molecules 
of solute combine with w molecules of the solvent U; form a single 
molecule of the electrolyte, the concentration of the latter will be 
proportional to v where c is the concentration of the original 

dissolved substance. Btit the specific conductivity « is proportional to 
the number of ions, and this is proportional to the concentration of 
the electrolyte multiplied by a, where a is its coefficierit of ionisation. 
Thus 


H — oKjv^ if n == 2, 


or 


Kv^ ^ aK. 


If a varies but slightly over a given range this equation becomes 

i.cr2 ^ K\ 


It is found that the w'hole of our results may be thus explained. In 
spme cases kv® is approximately constant over a certain range of 
dilution; and that this approximate constancy does not hold at greater 
dilutions is to be assigned to the variation of a, which may become 
greater in more dilute solutions on account of a secondary dissociation 
intervening, 

* * Roy. Soc, Pfoc.,' Tob 78, pp. 450 and 455. 
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This behaviour is manifested by, amongst others, a solution of 
hydrocyanic acid in hydrogen chloride, which gives the following 
values for v and 

r - 41'4 21*6 141 10‘2 312 2 56 1*79 1*23 

aK - KV^ 2*11 1*96 1*40 1*20 1*15 1*16 1*04 0*94 

From these it will be seen that according to the foregoing explana¬ 
tion, a increases with dilution, a variation which is that required by 
the ionic theory. 

In the case of triethylammonium chloride dissolved in hydrogen 
chloride a varies to a much greater extent, as the following figures 
show 

t, ^ 37*0 16*1 9*43 6*13 4*25 3*64 

ki /2 aK 66*7 43*7 34*3 31*6 28*5 28*0 

In both the foregoing cases n is found to be equal to 2 , or two 
molecules of solute combine with the solvent to form the dissociating 
substance. 

In other cases n - 3, or three molecules combine with the solvent, as 
for example, acetone dissolved iti hydrogen bromide, for which solution 

- 8*33 6*00 3*23 1*61 1*35 1*07 0*76 

^ a#c - [7*00] 8*60 8*1 6*3 5*9 4*9 3*2 

Here again the increase of a with dilution is clearly indicated. 

For substances dissolved in water n 1 and K » and since 
KP ^ fj^ the equation k ^ aKr” becomes 

« a/^oa* or a ^ 

and for purposes of comparison with the foregoing the corresponding 
numbers for v and are given for a salt. (Cd SO 4 ) dissolved in 
water. 

V - 100 60 20 10 5 2 1 

kv^^oK^ 71*8 61*8 49*6 42*4 36*2 29*1 23*8 

Confirmation of those views is afforded by the results of the molecular 
weight determinations, which show that in many instanoea the 
molecular weight is greater than the normal, indicating that associa¬ 
tion has taken place to some extent. 
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**An Analysis of the Eesults from the Falmouth Magnetograiiis 
on ‘ Quiet ’ Days during the Twelve Years 1891 to 1902/' 
By Chaulks Chkkk, Sc.D., LL.I)., F.RS., Superintendent of 
the Observatory Department of the National Physical 
Laboratory. Keceived November 23,—Read December 15. 
1904. 

(From Uie National Physical Laboratory.) 

(Abstract.) 

The piiper contains an analysis and discussion of the results obtained 
from the declination and horizontal force magnetograms at Falmouth 
on quiet days from 1891, when the records commenced, until 1902. 
The discussion proceeds on parallel linos to those followed in dealing 
with the correspondifig Kew* data for 1890 to 1900» and a comparison 
is instituted in many cases between Kew and Falmouth results, 

The total secular changes of declination from 1891 to 1900 at Kew 
and Falmouth were identical, and the changes from year to year were 
closely alike. In horizontal force the annual changes recorded at the 
two stations did not agree, so closely, and o!i the average the change at 
Falmouth was somewhat the gi'eater. 

When discussing the non-cyclic cfiect ” in the diurnal variation of 
the declination at Kew, it was pointed out that though so small and 
irregular as to be possibly attributable to accident, it yet preseiited 
features suggestive of a true physical origin. Though differences exist 
between the phenomena at Kew and Falmouth, still the points of 
agreement are such tis to give strong support to the view that the 
phenomenon is not accidental. 

The data considered being the means from the live selected quiet 
days a month, out of the 120 months in the 10 years 1891 to 1900 
common to the two investigations, there is agreement of sign in the 
non-cyclic effects at Kew and Falmouth in 69 cases and disagreement 
in only 22, the effect being nil at one or both stations in the remaining 
29 cases. Also at both places the sign of the non-cyclic effect, though 
prevailingly positive throughout the yefir, is distinctly negative near 
midsummer, and the seasonal variations in the two cases are fairly 
alike. 

In horizontal force the non-cyclic effects at Kew and Falmouth are 
large and closely alike. From 1891 to 1900 there were only 5 months 
in which the uon-cyclic effects differed in sign, as against 99 in which 
they agreed, and the mean values of the effects at the two stations 
differed by only about 5 per cent, of the mean value at Kew. 

Whilst the mean daily range of temperature at Falmouth—a seaside 
statioii-^is notably less than at Kew, the daily ranges of decimation at 

• ‘ Phil. Trans.,* A, vol. 202, p. 886. 
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the two places are as nearly as possible equal, and the daily range of 
horiscoiital force is somewhat larger at Falmouth. 

The annual variation of temperature range is again notably less at 
Falmouth than at Kow, the winter range at the former station 
being relatively high, and the summer range low* There is in 
this case a somowdiat analogous state of matters in magnetics, the 
diffeience between the diurnal ranges at midsnmmei* and midwinter 
l)eing relatively less at Falmouth than at Kew, but the phenomenon is 
less marked than in temperature. 

Analysing the diurnal inequality of temporature into liarmonic 
terms of iJ4, 12 ami ^^»hour periods, (leneral Strachey* found that 
the local time of occurrence of the maxima was distinctly earlier at 
Kew than at Falmouth, the diiforence being greatest for the 24'hour 
term, for which it amounted to nearly an hour. When the declination 
and horizontal force diurnal inequalities are similarly analysed, the 
lowtl times of occurrence of the maxima are so nearly alike at the two 
stations that it is impossible to say with certainty which is the earlier. 
If a difference exists, it is of the order of only one or two minutes of 
time. 

This last result applies to the average year of a sun-spot cycle. It 
has already T)een found that the time of occurrence of the first maximum 
in the 24, 12 and S-hour terms at Kew varies with sun-spot frequency, 
being later in years when spots are numerous than when they are few. 
Thus the sun-spot maximum jHiriod 1892 to 1895, as compared to the 
sun-spot minimum period 1890, 1899 and 1900, showed a retardation 
of minutes in the time of occurrence of the maximum in the 
24-hour term. The phenomena at Falmouth are closely similar, the 
retardation in the 24-hour wave in the period 1892 to 1895, as 
comparoil to the sun-sjwt minimum period 1899 to 1902, amounting to 
14 minutes. 

When the annual variations in the ampliiudes of the daily ranges in 
declination and horizontal force at Kew, and of the 24, 12 and 8-hour 
terms in the diurnal inequality, were expressed us Fourier series, vrith 
an annual and a semi-annual term, there proved to be a remarkably 
close agreement between the dates of occurrence of maximum in the 
annual terms, and also in those of the semi-annual terms for the several 
elements. The same phenomenon appears at Falmouth, and there 
proves, moreover, to l>e a remarkably close agreement between corre¬ 
sponding Kew and Falmouth dates. Thus taking for both declination 
and horizontal force the three most important quantities eoiisidered, 
viz., the amplitudes of the diurnal ranges and of the 24-hour term in 
the diurnal inequality, and the sum of the 24 hourly differences" from 
the mean for the day, and considering both the annual and semi-annual 
terms, we have 12 dates for the occurrence of the first maximum at 

• ‘Phil. Trim®.* for 1898. 
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Kew and «t Fttlmouth. Of fche differences between these 12 pairs of 
dates only throe wore as large as 2 days, and the mean of the 
differences taken aIgel>raioally was about 2 hours. The agreement 
in shoT‘t was well within the limits of probable error. 

This result again applies to the average year of u sun-spot cycle. 
Comparing Falmouth results from the two periods, 1892 to 1896 and 
1899 to 1902, it was found that a small Imt decided difference existed 
between the dates of occurrence of the maximum in the annual terms 
in l>oth declination and horizontal force, an<l in the semi-annual term 
in declination, The dates proved to be accdmiUd in the sun-spot 
maxinvum peviotl as compared to the sun-spot minimum period. To 
make certain that the result was not peculiar to Falmouth, a similar 
comj)arison was instituted between the Kew data for the two periods 
1892 to 1895 and 1890, 1899 and 1900. The results wore closely 
siniilar to those obtained at Falmouth. Thus the average results for 
the acceleration in the sun-spot maximum as compared to the sun-spot 
mininmm period from the ranges, the 24 differences from the mean, 
and the 24-houT' term in the diurnal inequality, wore as follows ; — 


A^inual term. 


j 8omj-annaal term, i 


j DecUiifttiow. 

i i 

Horizontal foroo. : 

BeeUnaiion. 

1 Fiilmouth . . 

1 Kftw. 

f , 

.' I* '4 „ 

11 *1 dav8. 

10 *a „ i 

C *4 

■ 7 *0 „ 


The phenomenon emphasises the importance of employing contem- 
poraneo\i8 data when comparing two stations. 

Applying Wolfs formula K a + iS, associating the range K of a 
magnetic element with sun-spot frequency 8, lesulm are obtidned for 
the variation of h and hja throughout the year at Falmouth very similar 
in character to those previously obtained for Kew. On the whole the 
Falmouth values of hja are distinctly the higher, i.e., eim-apot influence 
is greater at Falmouth than at Kew. 

Taking the above formula, but making 8 represent not merely 
Wolfefs sun-spot frequency, but in turn the areas of whole sun-spots, 
umbres and faculaj as observed at (freeumch, Maun tins, and Dahra 
Dun, and given by the Astronomer Royal in the ‘ Monthly Notices of 
the Royal Astronomical Society/ A^ilues are calculated for a and h in 
the case when R represents the range of declination or horizontal 
force in the mean diurnal inequality for the ye*ir. A oomj>arison is 
then instituted between the ranges for individual years of the 12-year 
|>eriod as calculated from the values of a and h thus found, and the 
Astronomer RoyaVs mean yearly data on the one band, and os actually 
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observed on the other, When S represents areas of whole stin spots or 
of umbrie, the agreement between observed and calculated ranges is 
nearly though not quite as good, especially in horizontal force, as when 
S represetits Wolfer*s sun-spot frequencies; but when S represents 
areas of facul*e the agreement is much inferior, especially in years of 
sun-epot maximum. The mean differences between the ranges calcu¬ 
lated from Wolfer’s frequencies, and from either tlie sjmt areas or the 
umbrm is considerably loss than between any one of the tliree sets of 
calculated ranges and the ol>8erved ranges. Also the differences 
between the observed ranges and those calculated from Wolfer’s 
frequencies nearly always possess the same sign at Kew and Falmouth. 

Both phonoinena point to the conclusion that the differences betweeti 
observed magnetic ranges at individual stations, and those calculated 
from any of the above measures of solar distur])ance, though small, 
cannot 1)6 regarded as wholly fortuitous. 


"The Effect of Litjuid Air Teniperalures on the Mechanical and 
other Properties of Iron and its Alloys.’' By Sir Jaa!EB 
Dewau, F.RS., Hon.M.l.C.R, and Kodert Abbott Haokieu), 
M.I.C.E., President elect Iron and Steel Institute, lioceived 
Novenil>er 24.—Road December 8, 1904. 

As many iron alloys have shown anomalous results in their physical 
behaviour at ordinary temperatures, it became advisable to ascertain 
the exact effect of very low temperatures upon such bodies, and, 
accordingly, n series of tests wei-e carried out on standard iron and 
iron alloyed with other elements, the specimens being selected from 
a large collection made by one of the authors, which is located at 
the Hecla Works, Sheffield. In the course of the enquiry some 
500 specimens have been examined, and the detailed description (rf 
each test will appear later on in a special Monograph. In the meantime 
the more im|>ortant results are submitted bo the Royal Society. 

For the purpose of the experiments, the irons wore taken in the 
form of forged bai*s, and the iron alloys in the form of oast ingots 
2^ inches square. They were then carefully heated to the requital 
forging temperatures and reduced to rods f-inch diameter, and from 
these rods finished test-bars 0*180 inch diameter were accurately 
machined to the following sketch:— 
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The bars trere then forwarded to the Eoyal Institution Laboratory, 
and there tested in a small hydraulic testing maohiue, similar in 
principle to that described in ‘ Proceedings of the Royal Institution, 
1894/ CO which the riecessaiy arrangements could be applied for 
breaking the specimens while immersed in liquid air. 

The present research confirms, in a larger field, the conclusions set 
forth in the discourse of one of the authors at the Royal Institution 
in 1894 on the ‘‘Scientific Uses of Liquid Air/' in which the results 
of tests on metallic wires and CJist metals at low tciujKjraturos wore 
discussed. The results of the present series of tests corroborate the 
inference previously drawn, viz., that all common metals and alloys 
increase in tenacity at low temperatures, and this whether the 
ductility increases or decreases, and, further, that the incTcase of 
tenacity is solely due to th(5 low temperature, arid persists only during 
its continuance. 

Thi Iksnlts of Lmv Teinjm’atnres im Irons.^ -The first specimen 
examined in this class was Swedish charcoal iron, this material in its 
composition most nearly approaching that of pure iron. The analysiB 
of this specimen gave C 0*045, 8i 0*07, S 0'005, P 0*004, Mn 
trace, Fe 99*82 per cent. This iron, after careful annealing, gave 
20 tons per square inch tenacity and 20 per cent, elongation at 
normal temperature; after cooling in liquid air the tenacity rose to 
38 tons, with substantially no elongation. Another specimen, after 
being quenched at 950" C. and again at 600" C. in water, showed 
similar results in liquid air. Two other specimens in the unannealed 
condition /irid one after special heat treatment, showed similar 
properties. Specimens immersed in liquid air and allowed to return to 
the normal tomjMiraturc before testing, showed almost exactly the same 
tenacity and elongation as before cooling, showing that the 
brittleness is entirely a function of temperature. 

Several specimens were then quenched from 600" C., 800' G., and 
960“ C. in liquid air, and allowed to return to the normal temperature 
before testing. It might have been ex|>ected that with this extraordinary 
chilling a considerable hardening effect would have been noticed, but 
singular to say, whilst the tenacity is practically the same in each case, 
the ductility is improved rather than reduced. It may be mentioned that 
the specimens quenched from high temperatures in liquid air remained 
red hot in the liquid air much longer than would have been expected, 
in order to determine the hardness of these Swedish charcoal irons, 
a series of tests carried out by the Brinell l)aU test, which 
showed that the hardness is increased nearly 200 per cent by quench¬ 
ing in liquid air. The specimens, though, no doubt, much stiffer than 
At normal temperature, could be readily filed at - 182^ C. Magnetic 
tests also showed that no marked change takes place at low temperature 

regards this ‘quality. 
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Tn order to determine whether there is a critical point where the 
abnormal rise in tenacity and loss of ductility occurred, four 
Bpeciraens were tested at +18^ C., -80'* C., - 100“' C,, and - lOS*" C. 
resjKJctivoly. The results clearly show that there is no critical point, 
i.r., gradual decrease in temj)eraturo is accompanied by gradual increase 
in tenacity. 

Other irons tested were L.S.H. Swedish iron, English Bowling, and 
Cooke iron, all showing increase in tenacity and cort^espcmding decrease 
in ductility upon quenching in liquid air. 

The next class are IrmtrCat'hon Alloys, This class is of special 
interest and importance, as upon the various percentHgos of carbon 
present in steel depend chiefly its physical properties. The specimens 
first dealt with are those in which manganese is absent, or present in 
only very small quantities. Test No. 74 (C 0T4, Si 0*08, Mn 0*07 per 
cent.) represents very mild or soft steel; it enables a comparison to bo 
drawn between the Swedish <4iarcoal iron previously described and soft 
steel. In the case of this specimen the tenacity was nearly trebled, 
but it is apparently more ductile than Swedish charcoal irotu A 
specimen containing (C 0*78 per cent.) showed a considerable rise in 
tenacity in liquid air, the ductility being reduced to practically nil 
A specimen of the same material was also 8u])mittod to the liquid air 
temperature, and allow^ed to return to normal temperature before 
testing; it showed a similar result to the original specimen not so 
treated. It may, therefore, be said that the effect pioduoed by liquid 
air is of a physical and t.em})orary character. 

Other specimens, viz., Nos. 115 (C 0*83, Mn 0*25 per cent.), 
9 (C 0*85, Mn 0*32 per cent.), 10 (C 1*09, Mu 0*32 per cent.), 
13 (C 1*23, Mn 0T4 per cent.) showed the usual behaviour at 
liquid air temperature. Specimens of No. 115 (C 0*83 per cent.) 
were then quenched in liquid air from 700*' C. and 750” C. respec¬ 
tively, and tested at normal temperature. As with the Swe^h 
charcoal iron, the quenching from these comparatively high points 
has not produced the effect that might l:»e expected; in fact, instead 
of the ductility being reduced, it is now quite considerable, viz., 
13 per cent, from the 700” C, and 8 per cent, from the 750” C. 
Specimens of No. 13 (C 1*23 per cent.) also showed the same singular 
effects after quenching from 700” C. and 750" C. in liquid air. It is 
certainly most remarkable that a specimen containing per cent. C., 
suddenly lowered 930” C., is so little injured as regards ductility. If 
these specimens had been quenched from the same condition in ordinary 
water or oil, they would have been unfileable and of extraordinary 
hardness. Those specimens were as magnetic at - 182” C. as at normal 
temperature, and readily fileable. 

In connectiou with this series, specimens were also taken of various 
iron-carbon alloys in which the Mn percentage was higher than in 
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the preceding specimens, Teat Nos. 110 (C 0*19, Mn 0*52 per 
cent.), 1 (C 0*20, Mri 0*50 per cent.), 2 (C 0*50, Mn 1*00 per cent.), 
3 (C 0*58, Mn 0*58 per cent.), 5 (C 0*75, Mn 1*00 per cent,), 11 
(C 1‘05, Mn 0*58 per cent.), 12 (C 1*20, Mn 0*62 per cent.), 31 
(C 1*68, Mn 1*11 per cent.). All these specinions showed the UHiial 
rise in tenacity and fall in ductility, and although Specimen No. 31 
is of abnormally high cjirbon, yet this does not appear to have 
interfered with the ordiimry eflect of the liquid air treatment. In the 
case of Test* No. 1, after quenching specimens of the same material in 
liquid air from 700" C. and 750" C., the same peculiar belviviour was 
noticed as previously deacriljed, Le., considerable increase in ductility. 

Having now dealt with the iron-carbon alloys, the various other 
alloys may be dealt with :— 

Iron and Silimi ] Specimens were tested represi^iuing all these 
Iran and yllnndnimn j alloys, but the results do not call for any special 
Irm ami Tungsten ‘ comment, the usual increase in tenacity and fall 
Iron and Chfomixim in ductility being tioticeable at low tempera- 
Iron ami (Joiqxer J tore. 

Iron ami Nickel. —Specimen No. 45 (G 0*20, Ni 0*58 per cent.). 
Although the liquid air doubles the t(3nucity, probably owing to the 
lower carbon and the presence of nickel, the elongation is not reduced 
to the extent noticed in previous specimens. This is important, and 
gives material proof that the brittleness of iron at low temperatures 
can be modified by another element, provided the carbon is not 
present in any considerable percentage. In another specimen. No. 46 
.(C 0*14, Ni 1*92 per cent.), the nickel appears to vigorously assert 
itself, as the ductility at -182"'C. only decreases from 20—12 per 
cent., the tenacity increasing from 34—59 tons. In Specimens 
Nos. 49 (C 0*19, Ni 3*82 per cent.) and 50 (0 0*18, Ni 11*39 per 
cent,), the remarkable eflect of nickel is noticeable, as, whilst the 
tenacity rises considerably in both wises, the ductility remains practi¬ 
cally unaltered. The tenacity rose in a further specimen, No, 64 
(C 0*16, Ni 24*51 per cent.), in which the nickel is very high, 
from 90—118 tons at -182" C., the ductility being only reduced 
from 12—10 per cent. The specimens were non-magnetio both at 
normal and at liquid air temperature, llie same material showed 
an increase of from 306—524 in hardness under the liquid air treatment, 
Irm and Manganese. —These form an important class. The peculiar 
alloy of iron and manganese, known as ** Manganese Steel,” is non¬ 
magnetic, and it is possible to produce similar alloys of iron and 
manganese even when the formoiF element is present in as high a pro¬ 
portion as 87—88 per cent. Excellent results as regards physical 
properties can be obtained upon exceeding and up to 2^ per cent., 
provided the carbon is low. From about 3—7 per cent, the material 
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ia comparatively brittle, even with low carbon. Upon exceeding 
7 per cent, the material now known as Era ** manganese steel is 
formed, and continues up to 17 or 18 per cent. Manganese steel 
proper is the alloy containing 11—15 |>6r cent, of manganese with 
carbon varying from 0'80—1*40 per cent. 

We will deal first with manganese steels having low carbon, under 
0‘30 per cent. Tost No. 14 (C 0*08, Mri 3*50 per cent), the usual rise 
in tenacity and loss in ductility occurs at -182" C., and on the 
specimen l>eing allowed to return to normal temporattire it does not 
.appear toi, be injured in any way. Samjfios Nos. 15, 16, and 17 (Mn 
varying froni 5*40—15*28 per cent.), which arc oxtreinoly brittle at 
normal temperature, show very little modification at the low 
temperaturo. 

Dealing now with alloys having higher percoAtages of carbon, several 
specimens tested with Mn ranging from 2*23 to 11*53 per cent, with 
carbon increasing proportionately from 0*41—1*66 per cent, showed 
normal behaviour at low temperature. An interesting specimen 
No. 26 (C 1*23, Mn 12'64 per cent.) was examined, representing a 
normal “ Hadfield’s Era manganese steel.” At norma) temperature this 
gave 56 tons tenacity, with the high elongation of 30 per cent., and 
after immersion in liquid air showed a slight rise in tenacity, the elonga- 
gation, however, falling to per cent., the low temperature thus 
entirely de-toughening the material. This result is sr>mewhat 
unexpected, as it might have been anticipated that the gr-eat ductility 
4>f this material at normal temperature would not have been interfered 
with to any great extent at the low temperature. In the ordinary 
treatment of Mn steel for toughening, the sudden drop in tempen^ 
ture is about 1000’ C., and in the liquid air only 200" C. A repetition 
test, No. 26 a, gave a similar result, the tenacity at normal temperature 
being 65 tons, with 40 |)or cent, elongation, w^hile at - 182" C. the 
ductility dropped to nil, the tenacity remaining the same, viz,f 
64 tons.* Hiiuilar specimens of this steel cooled down and allowed 
to return to normal temperature again exhibited the usual extraordinary 
toughness of the material, thus showing that the de-toughening or 
embrittling action is only temporary, as with the Swedish charcoal iron 
and ordinary steel «|>ecimons. 

It is certainly curious to find that a specimen of steel, which 
only a few moments liefore would break in the easiest manner, 
can again be bent double. This is produced by a change in tem¬ 
perature conditions of about 200" C. These resuita also show that 
manganese steel, notwithstanding its many peculiarities, in this 
reepeot falls into line with and is Subject to the same laws as inm 

* It i« very exiraardtaary that the metal iron, no matter what ita treatmenl^ 
narer beeomea m dnotile aa the treated and quenched manganete steel—^maiiil^ 
^mpoaed of iron—with an original ductility of 40 per oent* 
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and ordinary steels. It is therefore all the more curious that the 
iron-nickel-manganese alloy (1414 b) descnhed later, entirely differs in 
this respect, where the effect of low temperature is not only nil, but 
there is a positive increase in ductility. The ball tests on specimen 
No. 26 shows an increase in hardness at • 182" C. of 70 per cent., viz,, 
from 206 to 672. Three other specimens, Nos. 26 E, F, and G are 
also interesting as showing the effect of| quenching upon Mn steel, 
from temperatures of 605", 800', and 950" C. in liquid air, the 
tests being then carried out at normal temperatures. The specimens 
E and F give similar restdts to those that would bo obtained by 
quenching in ordinary cold water at 600" and 800" C., ?.r., little or no 
increase in ductility. On the othei* hand, in apccimon 26 G, quenched 
from 950" G., there is no doubt the result ol)tained, 66 tons tenacity 
with 38 per cent, elongation, is excellent, ]>ut it is not any better thart 
can be o}>taine(l l»y quenching in v^ater at 15 C. It is important to 
here mention that the three specimens E, F, G, wore nil tjon-magnetic 
at - 182" G., showing that ther e is no change in the magnetic properties 
of manganese steel at low temperatures. This oxjreriment finally 
settles quite a number of misunderstandings in metallurgical literature 
which have arisen on this subject, namely, that at no range of increase 
or decrease in tem|)orature (provi(le<l this is not, as regards high 
temperature, enstained for any length of lime) does any marked 
change in magnetic property occur in manganese steel. 

The effect of low temperature on Irm. alloyed idih Two other Main 
Elements. Taking Hrst the alloys of Inm^ Nirket^ and Chmnium, 
Tests Nos. 78 (C 0'25, Cr 0’b4, Ni 2*67 per cent.) and 81 
(0 0*89, Gr 2*00, Ni 1*92 per cent.).—In the first instance in the 
presence of low carbon the nickel shows its toughening influence, 
as at “ 182" C. the tenacity rises from 38 to 61 tons, the elongation 
only falling from 20—17 per cent. In the latter specimen the 
effects of the nickel are not so apparent owing to the higher 
carbon, but the elongation does not entirely disappear. Another 
specimen of this latUu* material after quenching in oil at 760“ C., and 
then water at 650" C. showed an increase in tenacity at - 182" C. of 
from 81—105 tons, the elongation being, however, reduced from 
7J per cent, to nil. The embrittling influence of the carbon is seen in 
]x)th instances. In the next specimen, No. 79 (C 0*31, Cr 1*80, 
Ni 2’60 per cent,), the ductility is not affected, remaining at 15 per cent. 
Notwithstanding the considerable presence of chromium, the nickel 
asserts itself in this specimen, the tenacity rising from 49—79 tons. 
A similar result was also noticeable in specimen No. 107 (C 0*17, 
Cr 1'66, Ni 3*02 per cent.), the tenacity rising to 59 tons, and the 
diictility dropping only from 26—20 per cent. Test No. 80 (G 0*64, 
Or 2*01, Ni 12*24 per cent.).—In this specimen the very high tenacity at 
the normal temperature (116 tons) does not appear to be affected by the 
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liquid air, in other words, a steel having high tenacity at normal tem¬ 
perature is practically unaffected by liquid air. 

Tests were carried out in 
liquid air on specimens repre¬ 
senting these alloys, but the 
results do not call for any 
special comment, in all cases 
the specimens behaving in the 
normal manner, i.e.y showing 
increase in tenacity and de¬ 
crease in ductility in liquid air. 

Iron, Miinganm\ —Test No. 19 (C 0’25, Mu 2*01, Cu T39 

per cent.) shows a remarkable rise in tenacity, the elongation remaining 
unaffected by the low tem|)6rature. It is remarkable that the copper, 
which is present only to the extent of 1J per cent., absolutely neutralises 
what would be the action of manganese, which clearly produces brittle¬ 
ness and hardness at low temperatures. 

( Tests were carried out on 
Iron, Cobalt, jl/ar^r/nac^‘^ specimens representing these 

Iron, Chroiin'ma, Manganese, Silicon •{ allo 3 ? 8 , but the results do 
Iron Nickel, Manganese, Ahmdnivm I not call for any special com- 

l raent. 

Iron., Nickel, and Manganese ,—In this class a number of specially 
interesting results were obtained. There is an importiint alloy, 
No. 1109n (C 0*60, Mn 5*04, Ni 14*55 per cent.), including two 
elements, which, if added separately in the same proportions to 
iron, would cause extreme brittleness. Most singular to say, this 
double combination now confers extraordimir}^ toughness. This alloy 
is probably the most ductile form of iron alloy known, in several cases 
an elongation of no less than 75 per cent, having been obtained at 
normal temperature. Taking the first specimen, No. 60, under liquid 
air treatment, this material drops in elongation from 70— 25 per cent., 
this remaining ductility even now being very great. This is the first 
specimen met with in which the ductility remains comparatively high. 
A further test carried out on the same steel shows a similar result. It 
may be mentioned that the magnetic qualities of the specimen remained 
unchanged at -- 182" C. 1109 d may bo termed almost non-magnetip, 
though not so much so as manganese steel. 1109 b is much more 
sensitive to magnetic changes by temperature, though to an ordinary 
magnetic test it appeiirs inert. 

The next st>eoimen, No. 61 (C 1*00, Mn 6 06, Ni 17*91 per cent), 
shows a further increase in nickel percentage, and this is claarfy the 
factor in preventing loss of ductility at -182* C., the ductility only 
decreasing from 57—42 per cent. Another specimen taken, No. Hi 


Iron, Nickel, and Silicon 
Iron, Manganese, and Ckromimi 
Iron, Mangwmse, and Silicon 
Iron, Chrondutn, and A luminmnt 
Iron, Chro7mvm, Siliem 
Irien, Cknmdunt, CopjM^r 
Iron, Chrommm, amd Tmgden 
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(C 1'18, Mri 6*05, Ni 24*30 per cent.) ahowB a still further iucrease in 
percentage of nickel. For the first time in this series of tests there is 
now met with a specimen in which there is an actual rise in ductility 
at-182'' C. The tenacity now rises from 51—84 tons, and the 
ductility from 60--to 67 per cent. This is remarkable. It is curiouK 
that the coitsidcrable percentage of mangatiese does not interfere with 
the toughening of the iron, of which there is 68 per cent. In any case 
it cannot be claimed that manganese confers this, as it must be remem¬ 
bered that a similar percentage of manganese in an iron alloy containing 
no nickel shows reraarkiiblo brittleness either at normal or low tem¬ 
perature. Nor does an iron alloy conUiining a similar high percentage 
of nickel and no manganese show much ductility. In face of these 
apparent anomalies it is difii(uilt i>o offer a satisfactory expbmation of 
the remarkable effects jioticed. A repetition of the above test showed 
even more remarkable results, the ductility rising from 42—57 
l)er cent, 

‘ The licpiid air experiments on this series (iron, nickel, manganese) 
bring out in a much clearer manner than any other tests have yet done, 
the remarkaldo toughness and ductility of tlio iron alloys containing 
6 per cent. Mu and 14—24 per cent, nickel. They show what an 
extraordirmry molecular combination has lieen produced. In other 
words, these particular iron alloys have almost noiMuagnetic properties, 
possess the highest electrical resistance of any known alloy, and also 
represent the most ductile iron alloy yet known. 

The Conclwlififf Oraup includf's MefaLs and Misrelhvnefnis Alloys .—The 
first specimen taken in this grotip was No. 120 forged nickel (G 0*09, 
Ni 99*27 per cent.), representing an excellent quality of commercial 
nickel. This was tested in the forged condition, and in liquid air the 
tenacity whs increased from 29 —46 tons, and ductility from 43— 
51 per cent. This may be considered a remarkable result, and 
probably explains why in iron-nickel and iron-nickebmanganese alloys 
the presence of nickel (provided the carbon is low) prevents low 
temperature injuring iron. It is difficult to explain why this should 
be BO, in view of the similar position of these two elements in the 
chemical classification of the elements. 

Although no absolutely pure spocimeri of the metal manganese is yet 
available, that containing abo\it 98 per cent, shows comjmrative brittle¬ 
ness, and in this respect, therefore, entirely differs from the metal nickel 
This, to some extent, explains why nickel-iron alloys are remarkably 
tough, but still leaves unsolved why manganese steel, which contains 
12 per cent, of Mn, is so extraordinarily tough when alloyed with iron 
and some carbon, and quenched from high temperatures. 

Test No. 131 (copper 99 per cent.) shows that whilst the results 
ol>tamed from this metal resemble nickel, the tenacity being increased, 
it is to a much less degree, the ductility not being materially altered. 

2 0 S 
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It k curious to find that by chilling down the metals iron, nickel, and 

copper to - 182'* C. their absolute and nltiniiite.if the terms may be 

aik)we<l—cjualitics are shown move truly than at the normal tempera¬ 
ture. The effects hero noticed also explain in a more satisfactory 
matinei’ than has yet b<?cn possilde, why nickel is so valuable in nickel* 
iron allo^^s; that is, it tetids to counteract the constant tendency of the 
sensitive metal, iron, to become embrittled on the slightest provocation. 
If this research reveals this one important fact, it will have well repaid 
the labour. 

From the results it would seem to be indicated that copper might be 
A useful metal to alloy v^itli iron. There are, however, difficulties in 
the way of this, at any rate as regards forged metal, as copper-iron 
alloys coiJtaining no maiiganose arc considerably red-short, and cannot 
Ite readily manipulated. For some reason not yet explained it also 
does not alloy well with iron, but this may be a question of temperature 
effect at fusion point. At any rate, these experiments are suggestive 
for further research and investigation. 

In the case of alumii»ium. Test No. IKJ (A1 99T)0 per cent.), the 
metal shows a remarkable increase in tenacity, vf/., 8 to 15 tons, the 
elongation l)eing nearly quadrupled, viz,, fiom 7 f^o 27 j)er cent. 
Singularly enough, when alloyed with iron, such increases in both 
tenacity and ductility are not noticed; in fact, a contrary effect 
was pi'oduced. 

Specimens of cupro-nickol (Cn 95, Ni 4*85 per cent.) and Bullk 
metal showed only slight changes at low teinporatur< 3 , whilst specimens 
of delta metal and manganese copper showed a ?'ise in tenacity and 
ductility. 

Various experiments carried out in connection with this research deal 
with contiaction, electrical properties, micro-structure, magnetic and 
brittleness tests, all of M'hicb will l»e included in the special mono¬ 
graph. 

General GmtcJmionH, 

It is clear that as regards iron and iron alloys, with, however, 
certain exceptions, the effect of low temperature is to increase in a 
remarkable degree their maximum tensile stress, and to reduce their 
ductility to practically nothing. Those changes take place to the same 
extent, and this is very curious in the softest wrought iron, as 
represented V>y the specimens S.C.I. (Swedish charcoal iron), L.S.B. 
(the famous Swedish melting iron), and also English wrought iron, and 
in cHrl»on stool samples from 0*10 to 0*20 per cent, to the high percentages, 
such as 1 *25 or 1 *50 per cent. Thus, the absence or presence of carbon 
in ordinary car])on steel, in which other special elements are not 
present, seems to have Imt little influence. That there is no error in 
this statement is proved, independently of the tensile tests, by the fact 
that several bars of the S.C.L, and mild steel specimens, were «tfb* 
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iititbed to the low temperature test, and tested by hammer immediately 
after being iiniuersed. In all oases they exhibited great brittleness, 
breaking oft' instantly upon being struck. Further confii'mation is 
obtained by the Brin ell hardness ball test, under which test the hardness 
number of the S.C.I. increased at - 182'" C. from 90 to 266, or about 
equal to the hardness of ()'80per cent, carbon steel at normal temperature. 
This almost secn»s incredible when it is remembered that the S.C.I, 
shows by analysis 99*88 per cent, of iron, aiid has only 20 to 22 tons 
tojiacity, witli 25*30 ])er cent, elongation. 

'Pho importance of the discovery of the toughening effect of nickel 
upon iron at low tcm|)enitures will bo seen when it is understood that 
whilst it has been well known that nickel in ccrtaiii percentages 
prc»diiced important improvements in the (jualities and properties of 
iron and steel alloys, no microscopical or chemical lesearch work has 
yet provctl why this came al>out. It seems clear that these experiments 
go a long way towards oftering a satisfactory explanatior). The experi¬ 
ments prove that the purest iron, as represented l>y tlio S.C.I. (con 
taining 99*82 per cent iron), becomes brittle to an extraordbiary degree 
tuider the influence of low temperatures, whereas nickel itself, teste<l 
under the same comlitions, has improved rather than deteriorated, not 
only in tenacity, which iron also does, but in ductility, in which latter 
quality iron entirely brcjaks down. If nickel, therefore, is present in 
an iron alloy containing Imt little carbon, or comparatively low in that 
element, it acts as a preventive of brittleness, or is a very consideiabic 
modifier of that objcetionalde quality. It may lie Interesting to state 
that at ordinary temperatures the toughness or ductility of nickel is no 
greater than that of irort. For example, in cornpai*ativc tensile test# 
made on nickel and pure iron, the ductility of iron was greater. 

Iron to a more or less degree, at any rate in manufacturing operations, 
always seems to be endeavouring to wander out of the ‘*paths**of 
ductility and toughness, and will assume its apparently brittle nature 
on the slightest provocation. It would appear therefore that iron, a 
cheap and convenient metal itself, must be permeated by some element 
that will mask or modify its properties. Until recently carbon was 
the only element knoMm to modify the propei'ties of iroii; but, as will 
be seen in this research, this element, where great toughness is required, 
only helps to make matters worse. Fortunately’^ for iron, however, its 
close companion nickel acts as a preventive in keeping it from 
wandering out of the naiTow road of metallurgical rectitude, that is 
toughness or ductility. Why this should be so cannot at present bo 
explained. Iron is a crystalline metal, whereas nickel appears to l^e 
much more amorphous; it is possible, therefore, that nickel tends to 
prevent iron crystallising. This action of nickel is remarkable in 
certain of the alloy specimens, No. 114, which is an alloy of iron, 
carbon 1 *18 per cent., nickel 24*30 per cent., and manganese 6*05 per 
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cent. Hero the ductility is extraordinary at not only normal but low 
temperatures, probably the highest known for any iron alloy, 
certainly for an alloy liaving such tenacity as 85 tons per square inch. 
There is still present in this alloy 68 per cent, of iron, yet the tendency 
of the latter metal to bocomo brittle is not only entirely checketl at the 
low temperature; ])Ut the elongation, already so great, is considerably 
increased, vix., from 60 to 67^ per cent. There is also an increase of 
tenacity in both cases, viz., a rise from 10 to 38 per cent. Thus the 
nickel present causes the bar under high tension, and at ~ 182“ C., to 
remain far more ductile than the very best ductile iron of one third the 
tenadty. Although the action of luckel has l>ecn specially referred to, 
it must not be overlooked that in this alloy there is also present 6 per 
cent, of manganese, which in its ordinary combination with iix)n, that 
i« with no nickel present, would confer intense brittleness upon the 
iron and render it more brittle than if not present. This treble 
combination of nickel, manganese, and iron, apfjcars to revei’se all the 
known laws of iron alloys. 

We have to thank the mechanician of the Davy-Faraday Laboratory, 
Mr. C. N. Cooke, for able asaislauce in the conduct of the experiments. 
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** The Effects of Temperature and Pressure on the Thermal Con¬ 
ductivities of liodies. Part L—The Effect of Temperature 
on the Thermal Conductivities of some Electriciil Insulators," 
By C}fiAULES H. Lees, D.Sc, Communicated by Ahtuuh 
ScHUHTEu,F,lt.8. Keceived November 29,—Kead Decemter 16, 
190L 

j Abstract.] 

The substance whose thermal conductivity is to be determined has 
the form of a cylinder about N cms. long, 2 cms. diameter, and is 
snrroundetl by a thin cylinder of brass, which on account of its com¬ 
paratively high thermal conductivity, makes the outer surfaces of the 
subsUiUce isothermal surfaces. The brass cylinder is placed in-a Dewar 
tube. 

The heat is supplied l>y the passage of an electrical current through 
a platinoid wire embedtled in the substance parallel to the axis of the 
cylinder, and about cm. distant from it. The arnotmt of heat 
generated is dotermined by the current through the wire and the 
potential difference between its ends. The temperature is measured 
by the electrical resistance of two short spirals of No. 40 pure ])latiuum 
wire, down the centre of one of M'hich the heating wire passes. To 
eliminate errors clue to want of symmetry, a second heating wire 
passes down the centie of the second spiral, and the heating current 
may be sent through either or both at will 

The difference of temperature of the two spirals is determined by 
making them two arms of a resistance briilge, the other two arms of 
which arc equal. By means of mercury cups resistances may bo 
placed in scries M'ith either of the spirals till a balance is obtained. 
From the resistance necessary to effect the balance and the ** funda¬ 
mental constants of the |)iatinum thermometers which the two spirals 
oonstitiite, the difference of their temperatures is calculated. The 
thermal conductivity k of the medium would, if the latter were infinite 
in extent and the heating wire infinitely long, be connected with the 
difference of the temperatures ri, v-j, at the two points distant ti and 
from the heating wire, and the amount of heat H generated per second in 
1 cm. of the latter, by the equation 




H 

2S 




In the apparatus used the connection lx)tween the quantities is not 
BO simple, but the theory is worked out completely in the paper, and the 
corresponding expression given. 

The following fairly representative aubatauces have been tested each 
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at a munber of temperature^ between that of liquid air and Uie 
melting point of the substance: Ice, glycerine, aniline, paraffin wax, 
naphthaline, /i-naphthol, para-nitrophenol, and diphenylamine. 

The results show a marked increase of the conductivities of ice, 
naphthaline, aniline and nitropheuol, and a slight inciease of those of 
^■naphthol, and diphenylamine at low temperatures. Glycerine has a 
maximum conductivity about - 80” C,, and paraffin wax shows a 
tendency to behave in the same way. 

A few values of the conductivities for a portion of the range of 
temperature are give?) in the following table:— 



At ! 
120"' abw.; 

1 At At 

1 180'^ ttbs. 24)0''' libs. 

1 

loo . 

0*0062 1 

1 

0*0058 

0*0052 

Naphthaline. 

10*0013 

1 

O-OOll j 

0 *00091 

Aniline. 

10*0011 ; 

0*00086 

0 *00070 

Nitropheuol (para) 

0*0010 

3 

0 *00070 

Glvoerine 1 

0 '(XIOTH 

0 *00082! 

1 

0 *00076 

Paraffin wnx . 

0*00060 

10 00065 

0 *00061 

/S-Nttphthol ...... 

0 *00067 

I 

o 

0*00063 

Biphenylainino .. . 

0 ‘t>t)a*>8 

10*00054 

0 *00052 j 

__i 


Uroviou# valuos. 


f 0 *00508, Nmimaini, ‘ A nw. Ch. 
vol a, p. 6C>. 

4 0 *0050, Mitolieil, ‘ Roy. 8oc. 

Kditi, Rroc/ vol, 88, p. 593. 
[ 0 *0014 liquid ut 20'^ 0. 

0 '0001)0 ur 33^ C., Leo«, * Phil. 

Tmuo,/ A, vuJ. 191, }>. 4l6- 
0 '00041 liquid at VS\ H. F. 
AVebor, * Uorl. 18l<’5. 

r0-(KX>63 liquid at IS'’ C,. 
(AraHx., ‘ Ann. der Phys.,* 
vol. 25, p. 337. 

'00057 liquid at 0., 
j H. 4'. Webtvr, he. <r%L 
I 0 00008 liquid ttt 25=“ 0., 
L he. cit. 

0 OOOOJ al.35'^C., Lees, ‘ Phil, 
TrauB./ A, vol. 188, p. 481. 
0 '00081 at 32^ Cl, Lees, ‘ Phil. 
Trnns,,’ A, vol. 101, p. 416. 


The temperatures are given in terms of the hydrogen scale, measured 
from the absolute 2 ero, the thermal conductivities in e.g.s. units. 

It will l>e noticed that the thermal conductivities are much greater in 
the solid than in the liquid state in the case of M^ater and aniline, but 
almost alike in the case of glycerine. 
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*’ On the Normal Series satisfying Linear Differential Equations." 
By E. CuNNiNcJiMM. CoinmunicatcHl by J)r. H. F. BAKKif, 
F.R.8. Ilecoived December 8,—itead December 15,1904. 

(Abstract). 

Tf y denotes a cDlumn of n elements, and u is a square matrix of 
// rows and columns of elements, each of which is a function of the 
independent variable, n independent solutions of the system of 
simuluneous equations 

(hj/di vij 

are given by the n columiiH of the matrix 


(w) 1 + Qa + Q (ttQw) + Q ;?fQ (wQw)l + • 


where Q(</)) denotes j 
J ^0 


</» df. 


In the ‘ ProceudingB of the London Mathematical Society,* vol, 35, 
pp, 333 if,, the form of this solution is developed l)y Dr. H. F. Baker, 
for the particular case in which Ofich element of n has a pole of 
order unity at the point i-O. This is the case of a system derived 
from a linear ordinary equation of order a, all of whose integrals are 
regular in the neighbourhood of ^ 0. 

If X any square matrix of orders, and r/ a square matrix satisfying 
the system of equations 

dif/df =- ug - i/xi 

then V/ “• rjil (x) is a matrix satisfying 

dy/iff ujf. 


This result is used by Dr. Baker in the paper almve mentioned to 
show that in the above case a solution may be found in the form 
r}il{x)9 where the elements of t/ are simply series of powers of and 
the matrix 12(x) is expressible in finite terms. The form of the result 
puts in evidence what are known as Hamburgci’s sub-groups of 
integrals. 

The present paper deals with the linear system of equations in which 
the matrix n is of the form 


«n f^r being matrices of constants. 

The general linear ordinary equation of order « which has f «■ 0 as 
a pole of its coefScients is r^uced to this form. It is shown, in the 
ffrst place, that provided the roots of the determinantal equation 
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I <ip^i - 0 \ ^0 are all dilFeront, a matrix x eaii bo found, of the form 


. Xf*. 

fp-^i fp 


+ . 



in which all elements of Xn save the diagonal elements, are zero, such 
that the system of equations 

drildt m) — 7/x 

is formally satisfied by a square matrix whose elements are series of 
positive integral powers of /, generally divergent. 

The elements of the matrix y- r;fi(x) therefore of the form 


4 4®2 

+ Cit ^ + 


Secondly it is found that, if the roots of the equation | ^ | *==0 

are not all unequal, provided certain conditions attached to each group 
of equal roots are satisfied, a matrix 


Xi^+J i 4- 

7,;?i ^ ( 


can be found, having all elements to the left of the diagonal zero, such 
that the equations 

fh]/dt ^ mi - 7;x 

are still formally satisfied by a matrix of series of positive integral 
powers of /. 

The matrix li(x) can, in this case also, be completely integrated in 
finite terms; the result may contciin a certain number of powers of 

log (0- 

Applied to the single linear equation of order a it is seen that the 
n integrals fall into groups of the form :— 

4. ^ 4. 

e » ' + d>l log (^) + . . . . 4 (log XY\ . 

Lastly, when the conditions above mentioned are not satisfied, the 
system of equations is transformed by the change of variable < »* to 
a new system of the same type in which the coefficients have poles of 
order kp+i at 

It is then shown that in all cases an integer k can be found, such 
that the conditions that the now system can be solved by expressions 
of the above form are all satisfied. 

The groups of subnormal integrals thus found agree with those 
obtained by Fabry* directly from the linear equation of order n. 


• Xh^BO, 18S5, PariB. 



Tlu Flow of WaUr throutjh Pi^s, 


m 


^ The Flow of Water through Pipes.—Experiments on Stream-line 
Motion and the Measurement of Critical Velocity.” By 
H. T, Baknks, D.Sc., Assistant Professor of Physics, and 
E. G. CoKKU, M.A., D.Sc., Associate Proftjssor of Civil Euj^inoer- 
ing. McGill University. Cominuiiicatod by Professor Obburnk 
Rkynolds, F. I i.S. Received November 4.—Rtjad N ovember 24j 
1904. 

In a brief n<»tc published in the ‘ Physical Review/^ we have 
described a thermal method of observing the change from stream-line 
to eddy motion for water flowing through pipes of different diameters. 
This method we have recently employed in a series of experiments, 
which we have carried out on a much larger scale tlian was previously 
attempted. The method had several points to recommend it for our 
particular work, the chief one being the simplicity of the experimerital 
arrangements. The olgcct in undertaking this investigation, for 
which our method was adapted, was in the interest attached to a study 
of stream-line flow, where every form of initial disturbance was as 
completely removed from the water as possible. 

The impossibility of heating a column of water uniformly throughout 
while flowing in stream-iino motion has been previously observed.f 
It was shown that, when water is heated elccti’icaliy while flowing 
through a tube of two or three millimetres in diameter by a central 
wire conductor, the hciit is carried off by the rapidly moving stream, 
which forms a cloak of hot water around the wire, and leaves the 
walls of the tube almost entirely unheated. If the heat be applied to 
the outside of the tul>e, the heated water renuinm in contact with the 
inner surface of the tube and the water flows through the centre of 
the tube at a much lower temperature. It is quite different if the 
flow is incretised sufficiently to break up the stream-lines. In this case, 
eddy or sinuous motion results, and the distribution of heat throughout 
the water column becomes uniform. 

The change from stream-line to eddy motion can be very clmrly 
observed in a tube heated on the outside, since the temperature of the 
emerging stream immediately increase-s when the flow rises above 
the critical point. The point of change is very sharp, and the 
^lisappearanco of the stream-lines instantanoous. 

At the outset of our work we were guided by the two very im¬ 
portant papers of Osborne Reynolds,! in which the laws governing 
the flow of water in pipes and channels are worked out. It is clear 

« 'Phyeical Review/ voK 12. p. 372 (1901). 

t H. T. Bamss, ‘Phil. Tran#./ A, vol 199, p, 234 (1902). 

X ^Phil. Tmn#., 1882 and 1895, 
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from a study of the work of Reynolds that the change from stream¬ 
line to eddy motion may take place within a wide range of velocities. 
We may observe the critical velocity in two ways: either by observing 
the velocity at which the stream-lines break up into eddies, or by 
obtaining the velocity at which the eddies from initially disturbed 
water do not become smoothed out into stream-lines in a long uniform 
pipe. The first change may bo at any velocity within certain limits 
depending on the initial steadiness of the inflowing water, while in 
the second, the change can take place at only one velocity. It 
therefore depends on whether wo stfirt with initially quiet water or 
disturbed water what value will be attained. Below What we will call 
the lower limit of critical velocity or stream-line flow, the stream-linos 
will form the stable flow whatever may be the condition of the water 
before entering the pipe. If it be in a disturbed state, a short length 
of pipe is required before the erldies are smoothed out, but streiim- 
Hnes finally appear further on and subsequently persist as the stable 
flow. The greater the initial disturbance in the water, tho greater 
will be the length of pipe probibly required before the eddies disappear. 
The flow at which the eddies persist throughout tho entire pipe, 
however long, indicates that the change has taken place from one 
kind of flow to the other. This point of change is the true critical 
velocity, and although tho production of eddies at the mouth of the 
pipe may vary, it will be independent of thorn. If the initial 
disturl)anco, however, is not snfticient to prevent tho water from 
starting in stream-line motion, the critical velocity is raised. The 
change in flow in this case tiikes place by the birth of eddies in the 
pipe itself, and the point of change is in some way related to or limited 
by the degree of steadine-ss in the water. In regard to this point, 
Iteynoldfl says, on p. 955 of his original memoir: “ The fact that the 
steady motion breaks down suddenly shows that the fluid is in a state 

instiibility for disturbances of the magnitude which catise it to bre^ik 
<lown. But the fact that in some conditions it will break down for a 
large disturbance, while it is stable for a small disturbance, shows that 
there is a certain residual stability so long as tho disturbances do not 
exceed a given amount. 

** The only idea that I had formed before commencing the experi¬ 
ments was that at some critical velocity the motion must become 
unstable, so that any disturbance from perfectly steady motion would 
result in eddies. 

“ I hod not l>een able to form any idea as to any particulivr form of 
disturbance being nocossary. But experience having shown the 
impossibility of obtaining absolutely steady motion, I had not doubted 
but that appearance of eddies would be almost simultaneous with the 
condition of instability. I had not, therefore, oonsidered the dis- 
tarbances exoept to try and diminish them as much as possible/ 1 
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had expected to see the eddies make their appearance os the velocity 
increasefl, at first in a slow or feeble manner, indicating that the 
water was l)Ut slightly unstable. And it was a matter of surprise 
to me to see the sudflen force with M^hich the eddies sprang into 
existence, showing a highly unstable condition to have existed at the 
time the steady motion broke down.” 

In this connection it is a matter of interest to note that when all 
forms of initial disturbance, as well as the disturbing irifluence of the 
walls of the pipe, are removed, eddy motion is no longer possible. 
Such a condition of aflTaii’s we have in a jet of water issuing from a 
circular orifice. It is easy to show experimentally that the beautiful 
rod like uppearaiice of the water jet depends ojj the absolute quietness 
of the water fee<iing the jet, and that the jet is immediately broken up 
by producing eddies artificially. Jets flowing in stream-line motion 
at a speed of from 20—30 feet per second have been obtained by us 
from a two-irjch orifice. 

In our present series of experiments we arrange* 1 that our pipes 
should feed from the sHn)e tank from which we produce*] the jets, in 
order that we might be sure to have the water in a perfectly quiet 
state. Wo could, therefore, )»*) fairly safe in assuming that the biith 
of eddies was the result of the disturbing influence of the walls of 
the tube only. 

Two methods of study were adopted by Hcynolds in bis experiments. 
The first whb the method of colour bands, which gave the point at 
which stream-lines break up into eddies, and which we have called the 
upper limit of critical velocity, and the second was a method of 
jwesstiroB, where the relation between velocity and pressure was 
obtained above and beloAv the critical velocity. In the colour-band 
tests a long narrow tiink was used, i!i which the pipe was placed. A 
flare, carefully smoothed, was fastened to the inflow end, while the 
outflow end protruded out of the tank and connected with the waste 
pipe. A small tube containing coloured liquid was directed just 
in front of the flare and a thin stream of colour was drawn into the 
tube with the water. This thread of colour remained intact all along 
the tube for stream-line motion, but disappeared with great suddenness 
when the critical velocity was reached. The water in the tank was 
allowed to become as quiet as jwssible before begimung the experiment. 
The rate of flow was calculated from the rate of lowering of the water 
surface, and the dimensions of the pipe. In the pressure experimentfl 
the water was allowed to flow directly from the mains into the pipe. 
After a sufficient length of pipe to allow of the dying out of the eddies, 
pressure gauges were attached at a fixed distance apart, and readings 
of velocity and pressure made. The critical velocity was not observed 
directly by this method, but since the resistance changes with the 
^auge in the flow, from the first power of the velocity to about the 
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l*7th power, the intersection of Xthe logarithmic homologues gave a 
method of determining it. Reynolds remarks that for a short distance 
above and below the critical velocity the gauges became unsteady and 
no readings could be made. 

By means of his experiments Reynolds was able to verify his 
mathematical deductions, and he showed from three different pipes, 
together with a comparison with the experiments of IVArcy for large 
pipes and with Poiseuillo’s for small tubes, that the critical velocity 
varied inversely as the diameter of the pipe, lie further showed that 
the critical velocity followed the viscosity temperature law as deduced 
by Poiseuille, and, therefore, varied as the viscosity over the density. 
Similar experiments with three different pipes by the method of 
colour bands showed that the upper limit followed the same laws 
approximately. The theoretical equations, however, had to do with 
the lower limit. 

In our experiments on the upper limit of critical velocity with 
absolutely quiet water, wo found that stream-lines were preserved in 
many cases to very much higher velocities than would be expected 
from the inverse-diameter law, and that the upper limit falls off slightly 
more rapidly with rise in temperature than the law of Poiseuille. 
do not wish bo lay stress on these points, or intimate in any way that 
wo think they question the validity of the theoretical laws which have 
been so completely worked out by Iteyno]<ls. We think, however, 
that they show the instability of the upper limit of stream-lino flow, 
and how much it depends on forma of disturbance. We have, more¬ 
over, made independent determinations of the temperature variation of 
the lower limit, and find by two diflerent metho<is that over a wide 
range in temperature the critical velocity follows the viscosity 
temperature law accurately.* 

The slight deviation from the theoretical law for the variation with 
temperature of the upper limit which we have observed in the case of 
two pipes of different diameters is, wo think, due to the fact that it 
becomes more and more difficult, as the temperature l ises, to maintain 
stream-line flow in the unstable region. This would result in the 
upper limit apparently falling off more rapidly than the temperature 
formula would allow for. 

The question has suggested itself to us that some form of initial 
disturbance in our tank may have come in as the temperature was 
raised to cause a greater falling-off* in the upper limit than the 
theoretical. Convection currents might have supplied such a form 
of disturbance, but the size of our ta^ik and the fact that the mouth 
of our pipes was always placed at or near the middle, together with 

• fi. a. Ook^r and S. B. Clement. *Phil. Treiii./ A, toI. m, p. 45 (im)i 
H. T. Bamee,' B. A. Eeport/ Belfut (1902). 



Id04,] The Flow of Water through Pipee. 345 

the length of time required for the tHuk to cool down, make it 
appear to iw improbable that convection currents played an important 
part. 


Thermal Method of Measuring Critical Velocity, 

In some of our first experiments, we observed the change in 
temperature in the column of water at the critical velocity by noting 
the increase in resistance of a platinum wire threaded through the 
centre of the tube, which was heated on the outside, and our 
preliminary results showed that the presence of a wire of 6 mils, 
thickness in a tul»e of \ inch in diameter was quite sufficient for our 
purpose. Wo fotmd that the point of change in flow could be observed 
more simply by placing tlie bulb of a mercury thermometer in the 
stream of water as it flowed out of the tube. A glass ]>ro]ongation, of 
slightly greater diameter and connected carefully to the brass pipe by 
a specially constructed cone or adapter, enabled the readings on the 
thermometei' to be observed. It w'as a matter of interest to us to 
see the sudden way in which the reading on the thermometer 
indicated the point of change by an almost instantaneous change 
of reading. 

We were fortunate in having at our disposal, through the kindness 
of Dr, H. T. Bovey, F.R.S., the facilities offered by the hydraulic 
laboratory, where the large experimental Unk, 20 feet high and 
25 square ftjet in area, served admirably for a reservoir. The tank 
stood on the bed-rock, and was therefore free from disturbance in the 
rest of the bxiilding, and, after the eddies occasioned by filling had 
died out, the water was in a very quiet state. The water used for the 
experiments was supplied from the Montreal mains and was quite 
clear; and every precaution wuis taken, l>y repeated cleaning, to have 
the water aiid tank clean. The action of finely divided matter in 
suspension in the water is to cause a breaking-up of the streamdinos, so 
that it was necessary for us to avoid this form of instability. 

Our preliminary experiments, made to test the method before 
applying it on a large scale, were quite satisfactory, and, after profiting 
by various trials, the final apparatus took the form of that represented 
in fig. 1. 

In one side of the largo tank A, a hole was out, in which was fitteci 
a special form of stuffing box to take the tubes of different sises. 
Each tube was ma<le of brass and joined to a metal trumpet flare, 
such that the inside was filed perfectly smooth, and free from sharp 
points which might disturb the flow. The flare was located at about 
the centre of the tank, so as to be as free as possible fmm convection 
streams along the sides of the tank when working at high temperatures, 
llte end of the pipe protniding from the tank was inserted in a 
ojrlimirical water ja^t B, with ends closed by stuffing boxes similar 
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to those on the tank. From the end of the tank a glass prolongation 
C held the mercury thermometer placed and securely fastened 
centrally in the tube. The glass tube was cemented into a brass tube, 
connected with a screw-down valve D, for regulating the flow. From 
the valve a pipe led to a two-way switch over E, provided with one 
pipe to waste and one pipe leading to the double-coned copper meastxre, 
shown at F. This measure had been very carefully calibrated by 
Mr. T. P. Btrickland some time previously. 

For small flows, where the time for filling the tank became 
inconveniently long, a snuillor vessel was used and the amount of 
discharge obtained by weighing on a large bullion balance. For the 
high temperature experiments, a worm pipe G was inserted in the 
outflow so as to cool the water l»efore it cut ered the nu*aBure. Water 
was circulated eonlitmously through the jacket by means of a 
centrifugal pump 11, o|)erated by a Pelton water motor 1. A gas flame 
J, under the pump, served to regulate the temperature of the jacket. 
A thermometer K was placed in the water circuit so that the tempera¬ 
ture could he regulated at will and maintained a few degrees above or 
below the temperature of the water flowing out from the tank. A 
graduated disc L was provided on the valve, by means of which 
a pointer on the valve gave an indication of the amount operied. 

During the grwiter part of the experiments, the temperature of the 
tank was taken from a long-stoni thermomebor placed so that its bull) 
reached to the centre somewhat below the flare on the pipe. It was 
found that the temperature thus indicated differed but little from the 
stroam-lino reading on the thermometer in the glass prolongation at 
high temperatur(?s, and was in practical agreement with it at the lower 
points. For the majority of the experiments, an average head of 
about 8 feet was maintained, sometimes running down to 4 feet, but 
seldom getting as low as that. One filling of the copper measure 
only lowered the head J of an inch, so that no constant level device, 
was necessary. The temperature of the tank could be raised to any 
point up to 90"' C. by means of a steam heater. A stirrer was also 
fitted to the tank, but of course was not kept moving after the 
temperature of the tank was once brought to a uniform state.. 

The method of making an experiment was very simple. One 
observer stood at the valve and regulated the flow until it was seen by 
the reading that the stream-lines had completely disappeared, and the 
other observer then switched over the flow into the measure and took 
periodic readings of the temperatures. The time was taken on a 
chronograph during the earlier nins, but was changed to a Frodsham 
and Keen chronometer which had been carefully rated. The water in 
the tank was always allowed to remain undisturbed for several hours 
before taking an experiment. For the high temperature experiments 
tlie tank was heated to about 90“ and then allowed to settle. Over a 
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week was required for the tank to cool down, during which time 
successive readings were made. No two determinations were ever 
made with one setting of the valve, but in every case a re-determina- 
tion of the critical velocity was made. 

It might bo questioned whether the presence of the thermometer 
bulb in the outflowing stream could have produced a disturbing influence, 
but in no case was the bulb placed inside the tube under test. We 
think that our very high values obtained in many cases for the critical 
velocity show conclusively that the bulb had no influence, and especially 
in the tubes wo used, which were all considerably larger than the 
thermometer bulb. 

In order to satisfy ourselves on many points in connection with our 
measurements, wo made some tests to determine the effect of a change 
of length on the critical velocity. To do this we first took a pipe 
«)*6 metres long and 1 *95 cm. in diameter, and determined the critical 
velocity by moving the temperature jacket to the eryl where the glass 
prolongation began. We obtained the following readings;— 



Temp. 

160 

16-0 

16-1 

16-1 

Vc ift ft. pet see. 

3*79 

3-82 

3-66 

3-92 

Vo in metres per sec. 

1*155 

1-163 

1-115 

1-192 

Mean.... 

.. 16-05 

3-80 

M68 

The tube was then removed and cut in the middle, so as to be only 
1*8 metres long) and the following readings were obtained:— 


Temp. 

15- 4 

16- 7 
16-7 

Vc iwft. per sec. 

3*66 

3-84 

3-82 

Vc in metres per sec. 

1-115 

1-170 

1-163 

Mean. 

.. 16*2 

3-77 

1148 


The agreement is really better than the individual observations. 
For each of these readings the flow was closed off and then opened 
carefully until the jump took place on the thermometer. The readings 
could have been repeated to any desired accuracy of course by leaving 
the flow unchanged. 

The formula for calculating the critical velocity which Rejmclds 
deduced from his experiments for the upper limit reads:— 


Ve 


1 P 
43-7 5’ 


where D is the diameter of the pipe in metres, and P is a iunetion pt 
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the temperature, which was found to be the formula obtained by 
Poiaeuille for the change in flow of water in capillary tubes. 

P then equals 


(1 + 0*03368 T + 0*000221 T^)' 
Calculating the upper limit for this pipe wo find : 

0*0228 


V. 


0* 0195 X 1* 59 


- 0*734. 


This value comes out 4)*734 metre per second instead of 1*15, as we 
observed it. The higher limit obtained in our measurements is 
undoubtedly due to the steadiness of the water at the mouth of our pipe. 

We convinced ourselves in these experiments that we had not 
exceeded the upper limit, for the valve controlling the flow was moved 
vary slowly as the point was reached, and stopped instantly the jump 
took place. It was possible to obtain the stream-lines again by slightly 
closing the valve. For a velocity of 0*7 metre we had perfectly steady 
stream-lines. For our smaller pipe, 1*05 cm. in diameter, we found a 
close agreement with the forinula of Reynolds, but that above this, for 
pipes of larger diameters, the deviations became larger the larger the 
pipe. 

If we tried the experiments too soon after filling the Unk, before 
the water had become perfectly steady, the upper limit came much 
lower, and, as the water Ixicame more settled, a higher limit was 
indicated by a tendency to form stream-lines, followed by a breaking- 
up, giving rise to the phenomenon described by Reynolds as ** flashing.*' 
The flashes became less frequent until, finally, the water being 
perfectly steady, the higher limit was reached. It was possible to' 
obtain the higher limit as soon as the flashes started, since it was 
only necessary to increase the flow until the flashing ceased. The 
flashes showed themselves by an oscillation on the thread of the 
thermometer. 

It was not, therefore, refiJly necessary to have aljsolutely quiet water 
to obtain the upper limit, since we were able to satisfy ourselves by 
experiment that the flashes indicated a disturbance in the tank, which, 
if removed, would enable us to reach the upper point without their 
appearance at all. Hence, flashing was taken to indicate a tendency to 
form stream-lines, and if they appeared, the upper limit was obtaine<i 
by increasing the flow until the permanent reading on the thermometer 
indicated that eddy motion was the steady flow. 


SkeaOirlAne Flow (U High VtlocUm. 

The 1*8 metre length of our brass pipe had remained attached to the 
tank for several days under an 8-foot head, after completing our 
to test the influence of length. On returning to this pipe, 

2 D 2 
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we not only passed our former limit, but were tinable to make the 
stream-lines break up until we produced an artificial disturbance by 
giving the pipe a sharp rap. The change in flow produced by the jar 
was seen by the jump on the thermometer reading. It returned to the 
stream !ine reading as soon as the rapping ceased. We, unfortunately, 
did not measure the flow in this case, but we at least doubled the 
previous value of 1*148 metres per second. Being somewhat surprised 
by this result, we made sonm experiments on this same pipe by colour 
bands, instead of the thermometer, in order to satisfy ourselves that 
the high values we obtained were not due to some peculiarity of the 
thermal method. After some trouble we introduced the colour tube 
into the tank, and dispensed with the heating jacket. For this we 
were obliged to let the water out of the tank, and introduce fresh 
water. Owing to the disturbance thus caused, it was several days 
before we could proceed with the experiments. It was a simpler 
matter than we had supposed to observe the colour Imnd, since we had 
removed the thermometer from the glass prolongation, the thread of 
colour could be distinctly seen issuing from the brass pipe. We 
obtained, in these experiments, a critical velocity at the same point as 
before, but, on opening the valve, the stream-lines re-formed at higher 
velocities, and persisted to the highest velocity we could produce. This 
corresponded with our thermal results, except that, in this case, wo had 
an actual re-fonuation of stream-lines at the higher velocities after 
eddies had appeared at the tisual point. 

In order to study the re-formation of the stream-linos more easily, 
a glass pipe, specially made for critical velocity experiments, with a 
flare blown on to the tube, was inserted, and a colour tube was put in 
as before. The tube was 12 metres long, and 1*47 cms. in diameter. 
No thermometer was \ised, or heating jacket, and the head was about 
8 feet, as before. We found, incidentally, that by increasing the 
quantity of colour it was possible to cause a very large disturbance in 
the flow. 

The following readings were obtained :— 


Vc in feet Vc- in metre* 
Temp. per mo. jxjr sec. 

Little colour . 20“ C. 3'466 1*056 

„ „ 20 ' 3*366 1*026 

Excess of colour. 20 1 * 252 0 * 382 

Little colour .. 19 3*786 1*154 


These observations showed the importance of using little colour, as 
a ainall colour stream produced practically no effeot. 

Working out the value of Vc as before from the formula, we get at 
20“ C. the value 0*88 metre per second. This value is, again, much 
less than the observed value using little colour. 
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We obeerved that by opening the valve, and increasing the flow, the 
stream'lines appeared to ro-form. This was shown by a return of the 
thread of colour. It was not until we reached a velocity of 2*97 metres 
per second that the thread again disappeared. By altering the flow a 
little at this point we could make the thread of colour disappear, or 
obtain it clearly defined. Wo repeated this several times, und found 
that the definite nature of this point was remarkable, the tlirotwl of 
colour appearing in almost as sudden a manner as it disappeared. 

The diameter of the pipe plays an important part in obtaining the 
higher stream-line flow, for we found that with a pipe 1*05 cms. in 
diameter we could not pass the upper limit, nor cause a re-formation of 
stream-linos. We made some experimonts with a brass-pipe, 5*41 cms. 
in diameter, and 1*5 metres long, by the method of colour bands, and 
found that wo could carry the stream-lino flow up to velocities of 
1 metre per second, which was the highest flow we could measure. 
To obtain this flow we were obliged to arrange a much larger measure 
to handle the water discharged. The upper limit for a pipe of this 
size, according to the formula, amounts to about 0*24 metre per second 
at 20'' C. We, therefore, exceeded this by four times, as far as we 
could see, without the formation of eddies. There was a tendency to 
flash at the highest point, but no definite critical velocity, and the 
thread of colour could be seen very distinctly. 

Wo cannot enter into a discussion of the influence of the diameter of 
the pipe on the attainment of the second stre4im-lino flow, but it 
appears to us obvious that we were able to obtain these higher readings 
only by paying the strictest attention to the steadiness of the w^ater in 
the tank. The magnitude of our ttmk, and the volume of water at our 
disposal, made this comparatively easy. The inverse diameter law has 
been shown by Reynolds to be true both for the upper and lower 
limits, and our experiments show the same where the water has not 
become perfectly steady; but it is probable that, as the diameter of the 
pipe becomes larger, the disturbing influence of the walls injcoraes loss 
effective in causing a breaking up of the stream-linos. In the jet 
experiments, whore there is no directing pipe, stream-line is the stable 
flow for all velocities, providing the water has become absolutely quiet 
For pipes of small diameter, under | inch, or 1 cm., the steadiness of 
the water probably becomes less important, compared with the influence 
of the walls of the pipe. It is probable that for absolutely quiet water 
the inverse diameter law holds up to 1 cm., Iwyond which the critical 
velocity apparently increases with increasing diameter, until for large 
pipes we approach the jet. The higher critical velocity may be a 
second critical velocity, but we have not decided this point. 
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T^pevidwe Effect on the XJfper LimU })y itm Thermal Method. 

In Table I we give the aeries of experiment obtained for the effect of 
temperature on the upper limit for our smallest brass pipe, 1 *05 cms, 
in diameter. The results are worked out for each point, correcting the 
volume of the water in the measure to the volume at the temperature 
of efflux from the tank. The velocity of efflux was then calculated in 
the usual manner. In fig. 2 we give a plot of the observations, which 
extended from 15—86“. Unfortunately, we were unable to extend 
below 15“, on account of the temperature of the water in the mains not 
being below that at the outset of the experiments. During the time of 
the experiments, June and July, after the beginning of the hot weather, 
the temperature steadily rose in the mains to as high as 20% where it 
stayed during the remainder of the work. 


Table I. 

D 0*0105 metre. 



Total quantity 

Total time 

Vtr in metres 

Xemporature. 

in cubic inches. 

in second*. 

p«r second. 

20^*2 

3910*7 

044*2 

1*146 

40*1 

3898*7 

1085*4 

0*677 

34'1 

3891*8 

929*9 

0*789 

29*1 

3894*5 

811*4 

0*905 

23-6 

3897 *9 

675-8 

1*088 

22'8 

3895*0 

674-3 

1 *091 

56*6 

3918*7 

1763-0 

0*421 

49*1 

3908*8 

1592-7 

0*466 

84*3 

1781-8 

245-1 

0*137 

72*9 

1778*1 

129-6 

0*259 

47*3 

3893*8 

1442-0 

0*512 

23*3 

3899*4 

676-5 

1*091 

20*2 

3903*8 

643-8 

1 *149 

15*09 

3902*9 

525-7 

1*401 


In Table 11 we give Iteynolda^ observations for his two smaller pipes, 
the diameters of which lie just above and below our pipe. Those tests 
wore made with colour bands. In the last column we reduce the 
observations to a pipe equal in area to ours, by the simple ratio of the 
diameters. In the plot we have included Reynolds* observations, and 
indicated them by circled crosses. Wo have, also, included the 
temperature law of Poiseuille, 



1904.} The Mm of Water through 85S 

TaUe IL—Beynolda’ Observations on Pipes 2 and 3 reduced to a 
Pipe 1*05 cm. in diameter. 



Vc in metree 


Vc in metres 

Temperature. 

per sec. 

Temperature. 

per see. 

22*^ 

1*086 

6" 

1*849 

11 

1*478 

6 

1*869 

11 

1*489 

6 

1-838 

11 

1*505 

6 

1*967 

11 

1*528 

6 

1*978 

11 

1*656 

4 

1*981 



4 

1*891 



4 

2*027 


In the next table we give a summary of the observations which we 
obtain for our larger brass pipe at various temperatures. 


Table III, 


Temperature. 

V in feet, per sec. 

V in metres per 

2r*3 

3*458 

1*064 

34*6 

2*069 

0*628 

40*0 

1*791 

0*546 

61*0 

1*362 

0*415 

56*0 

1*115 

0*340 

70*8 

0*631 

0*192 

73*6 

0-777 

0-237 


These results are plotted in Fig. 2 and represented by circled 
dots. The general slope of the two curves is the same and, although 
the agreement between the different determinations is not perfect, it is 
sufficient to show that the upper limit falls off more rapidly than the 
theoretical law. 

The temperature variation of the upper limit may, from these 
observations, be represented by the formula 

P «= (1-f 0*0300 T 4- 0-000704 TO. 

We do not think that the divergence indicates a»temperature 
variation for the critical velocity different to the theoretical, but 
rather that it shows, as we have pointed out in a previous part of this 
paper, that the true critical velocity is at the lower limit. The inverse 
diameter law does not hold for our larger pipe, a« will be seen by 
reference to the plot, and we have shown that it does not hold for the 
upper limit in the case of o\ir other large pipes. 

J^emperaiure Variation of the Lower 

In a note by one of the authors {H. T. B.), read before the Belfast 
meet^g of the British Associatioti, it was announced that the thermal 
* Compare also £. Q, Oeker and 3. B, Clement, eit. 
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method had been ai^plied to the measurement of the lower limit of 
stream-line flow, and tluit, from measurements at different tempera¬ 
tures, it had been found that the variation with temperature followed 
the theoretical accurately. 



The thermal experiments were arranged in the following way:— 
A large copper tank was fitted with a lead pipe, 8 feet long, coiled up 
in a smooth spiral. One end of the pipe was connected with the water 
mains, and the other protruded from the side of the tank and passed 
through a water-bath, 2 feet long, the temperature of which could be 
regulated at will and maintained constant by a special form of con- 
tinuotis electrical regulator. The pipe was fitted with a glass 
prolongation, similar to our previous experiments, .and a thermometer 
was used as before. The tank was fitted with an electrical heater, by 
meai:is of which the temperature could be changed quickly at will and 
maintained constant. For the low temperature experiments, an ice-and- 
water mixture was placed in the tank. 
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It was found that it was possible to measure three flows: that 
lit which the flow was entirely stream-lino with no tendency to form 
eddies ; second, that at which the eddies remained in the flow without 
the appearance of stream-lines; and third, that at which the eddies 
and stream-lines followed each other at regular intervals. The change 
from one flow to the other was observed by the nite of the oscillation on 
the thread of the thermometer. An insi^ection of the curves given by 
Reynolds for the relation between velocity and pressure, above and 
below’^ the critical velocity, shows that no sharp line of intersection 
exists between the curve representing stream-line and that representing 
eddy motion, but that there is a portion over a considerable range of 
flow where the retuiings are unsteady. It was in this region that the 
three flows mentioned above were found. The first was the highest 
limit of the stable stream-line, the second the lowest limit of the 
stable eddy flow, and the third the point half-way between. The results 
are given in the following table for the third point, which is the critical 
velocity of Reynolds:— 

Table IV. 


Diameter of pipe, 0*0125 metro. 



Q- 

Time. 




Temp. 

C.C. 

sees. 


P. 

TJL. 

6^ 

830 

30*2 

0*225 

0*238 

0*239 

6 

866 

30*2 

0*234 

0*238 

0^239 

17*2 

952 

45*2 

0*171 

0*176 

0*167 

17*2 

930 

45*0 




181 

951 

45*1 




18*1 

926 

45*2 




18*1 

944 

45*1 

0*171 

0*172 

0*163 

18*1 

960 

46*0 




18*1 

923 

45*2 




40*5 

580 

45*3 




40*5 

568 

45*2 

0*103 

0 104 

0*086 

40*5 

565 

45*1 




The first 

column 

contjuns the 

temperature 

at which 

the critical 


velocity was measured. The second column contains the total quantity 
of liquid Q which was collected in the measuring glass during time 
given in the third column. The times were all taken on a stop-watch. 
Under Vo are given the values of the critical velocity, calculated in the 
uatial way from the area of the pipe and the flow per second Under 
P the values of the critical velocity are given, calculated by Reynolds' 
lower-limit formula. This formula reads— 

V 1 P 

in metres per second, where P and D have the same meaning as before. 
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In the last column, UL, the values of Ve are given, calculated by the 
same formula, but using for P the temperature variation deduced from 
the experiments on the upper limit. The correspondence of columns 4 
and 5, and the divergence in column 6, are quite sufficient to show 
that the temperature variation of the lower limit is in agreement with the 
law of viscosity rather than with the formula obtained from the upper 
limit. The experiments are important in showing a close agreement 
with the theoretical formula of Reynolds, which requires not only tho 
viscosity formula to hold, but the inverse-diameter law as well. The 
agreement of the individual observations confirms our previous 
conclusions, in showing the uncoi'tainty in measuring critical velocity, 
not from the want of accuracy in the measuring appliances, but from 
the variation in the point itself. It is only by taking a mean of a 
number of observations that anything like an accurate value can bo 
obtained. 


“Tlie RiUe of* Diffusion during Catalysis by Colloidal Metals and 
Similar Subataiu*x?>8.” By Henry J. S. Sanb, Ph.D., M.Sc., 
University College, Nottingham. Commtinicated by Professor 
J. H, Poyntinu, F.R.S. Received November 22,—Read De¬ 
cember 8, 1904. 

In a paper on reaction-velocities in heterogeneous systems, Nernst* 
has recently put forward the view that all chemical reactions taking 
place on the boundary of two phases proceed to equilibrium practically 
instantaneously, and that tho velocities actually observed are simply 
those with which diffusion and convection renew the reacting material 
at the boundary. As a special instance of heterogeneous reactions, he 
mentions catalytic decompositions due to finely divided particles, such 
as colloidal metals, and ho believes it probable that the kinetics of 
these reactions can bo deduced from the assumption that chemical 
equilibrium remains permanently established on the surface of the 
particles. 

Processes of this kind have recently undergone a considerable amount 
of experimental investigation, the most important instances being the 
catalytic decomposition of hydrogen peroxide due to colloidal platimunt 
and colloidal goldj by Brodig and his pupils, and the catalytic decom¬ 
position of the same substance due to h»mase by Senfcer.§ In his last 
paper Sentei’ discusses his reaction in the light of Nernst’s hypothesis, 
and arrives at the conclusion that the known facts do not contradict it. 

♦ ‘ ZtwJift. Phys, Chem./ vol. 47, p. 62 (1904). 

t lirpdig and Mitllor, r. Berneok, * Ztsch^. Phy*. Cbem.,* vol. 31, p. 258 (1899) ; 
Bredlg and Ikcda, vol, 87, p. J (1901), 

t Brodig and Briodero, * Ztsobft. Phya, Oh«in.,* vol. 87, p. 828 (1901), 

I /Jirf,, vol. 44, p. 267 (1908), ^ Eoy. Soo. Piw./ voL 74, p, 201 (1904). 
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With regard to this result, it must be observed that a colloidal 
solution of hsemase does not afford the most statable example from 
which to draw theoretical conclusions, as nothing whatever is known 
regarding the size of the active particles, their nature and their numlter. 
More definite results can be obtained from a criticism of Bredig’s 
experiments, for in them we are dealing with platinum^ or gold, 
substances of known properties, the absolute quantities of which are 
stated for every experiment. Moreover, although we are withoiit 
definite information regarding the shape, size, and numl>er of the 
particles, yet we are safe in assuming that in those colloidal solutions 
which wore at all stable, no particles occurred of a diameter greater 
than 0*5 p-.* In order to carry out any calculations, the diffusion 
coefficient of hydrogen peroxide is also requisite. So far as I am 
aware, this numl)er has not been determined. If we take as represen- 
tative of diffusion coefficients of non-electrolytes at 25”, the follow¬ 
ing values determined by Scheffer for molecules heavier than 
that of hydrogen peroxide ;— 

Urea, 0*94 [1 +(25” - T’b*) 0-025] 10« VMy x 10“ rw^sec.; 

Chloral hydrate, 0*04 [1 + (25‘’ - 9“) 0-025] 10 & - 0-86 x 10-^ rm>ec.; 
Mannito, 0*44 [1 + (25** - 10“) 0-026] - 0*60 x 10 m^/scc., 

we see that we shall probably not make a very large error, and not 
take a too high value, if we assume for hydrogen peroxide a diffusion 
coefficient of m-/sec. 

Surnmunj of th<f Available Mxpennu^if/il Remits, —It will be convenient 
to preface this discussion by a summary of the available results. 

In neutral and acid solutions Breiiig found that the reaction pro¬ 
ceeded as one of the first order, that is, it was expressed by the 
equation 

. <')• 

in which Co is the initial concentration of the hydrogen peroxide, C its 
concentration after the time f, and K a constant, llie same equation 
holds for hsemase, according to Senter’s experiments. In alkaline 
solution, no general formtik was found by Bredig to express the 
results. The constant K is greatly influenced by the addition of 
certain substances (poisons); it varies more rapidly than proportionally 
with the concentration of the catalyscr, and increases geometricall)- 
with change of temperature, rising to its threefold value every 20\ 

On the llehUm Sm and AmUable Surface of the ParUeks m JVhoUy and 
PariiMy Soluium. —I do not propose to enter into a discussion 

of the effect of poisons more deeply than is required for the primary 
objects of the present paper. It seems that two explanations are 
Compatible with Nernst's views, Firstly, in the case of substances 
♦ tol. to, p. 
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which have a very powerful effect, an inactive film may be formed on 
the particles by chemical action of the poison, whenever the concentra¬ 
tion of the latter in the solution is greater than a certain definite value, 
and the platinum wouhl thus be completely poisoned as soon as this 
value was exceeded by the small quantity necessary to form the 
coating. Such an explanation is, hoM^ever, manifestly not applicable 
to weak poisons, such as acids and certain electrolytes, the action of 
which begins at low concentrations, and is not complete until very 
large values are attained. In this case it seems that the only explaiia- 
tion compatible with Nernst^s hypothesis would have to be sought in 
the tendency of such substances to cause the coalescence and final 
pj’ocipitation of the particles. The influence of alkalies in accelerating 
the reaction would lie in their tendency to bring about further disinte¬ 
gration of particles which had already undergone partial coalescence.'* 
In any case, however, as has already been pointed out, we may assume 
that in solutions which are at all sUible no particles occur of a diameter 
greater than 0*5 /i. 

The Ex^yerirnental Remits on Dependence of lieaciicm Velocity on Concen¬ 
tration of the Catalyser lun only he ReemmUd mth tJie Idea of a Heterogeneous 
Ikmtion hy Recognidng the ImfcrtUini Part Played by ConvecHon Currents,-^ 
It is a jyrioti clear with regard to the relative ride of diffusion and 
convection that the latter must lie seriously considered, owing to the 
fact that solid particles suspended in a liquid are known to be in a 
state of continual movement performing the so-called Brownian 
motions. Besides, in the more concentrated solutions oxygen-bubbles 
are given off, and cannot fail to stir the liquid. 

As a matter of fact, a brief examination of the results summarised 
above suffices to show that they are not in agreement with Nernst's 
hypothesis, if we suppose diffusion alone, without convection, to be 
responsible for the neutralisation of changes of concentration. We may 
even go further, and say that the fact that K increases more rapidly 
than proportionally with the concentration of the catalyser cannot be 
reconciled with the idea of a heterogeneous reaction at all, unless the 
process taking place on the surface of one of the particles influences 
that of its neighbours by some non-chemioal means, such as the 
production of convection currents. If we were dealing with a 
stationary liquid, whatever the chemical mechanism of the reaction 
may 1)6, the amount of substance decomposed in a given time at the 
beginning of the experiment would be proportional to tlie number of 
particles, that is, to the concentration of the platinum. Now, the 
constant K may be taken as a direct measure for tins amount, as is 
clear from the following relation arising from Equation I, 

-f-CK.... (»• 

* Bredig, loo, ct’/., toI. 81, p. 808, tiote 8. 
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Brodig'a results thus contradict the idea of a heterogeneous reaction 
taking place in a stationary liquid. They, however, l>ecoine intelligible 
if we consider the influence of convection. Proceeding on lines 
similar to those adopted by Nernst, wo may assume each particle to l>e 
surrounded by a film of adhering liquid, the thickness of which depends 
very largely on the amount of motion taking place in the solution. 
The thinner the film, the greater will be the flow of solute to the 
particles, and the greater, therefore, the velocity of the reaction* 
Now, in the sohitions containing large quantities of the catalyser, 
considerably more convection is pi'oduced than in those in which small 
quantities ai*e present, owing to the brisktjr evolutiott of Imbldes of 
oxygen gas, and in this fact the explanatioii of Bredig’s result is 
very probably to be sought. 

In accordance herewith, we should expect that in solutions containing 
very small amounts of catalyser, and in which, consequently, the 
evolutiori of oxygen is so slight that no gas-bubbles are pi-oduced, 
no deviation from the law of proportionality between K and the 
concentration of the catalytic particles woidd occur. 

This point has not )>een specially tested by Bredig, but )>y collating’ 
results scattered over his paper, wo may gather that the conclusion 
drawn is correct. Thus, in Table 11, first part, p. 291, we have for a 
concentration of N/30000 platinum an average value of K of approxi¬ 
mately 0*016 min.“'b whereas, at the end of Table 13, p. 300, we have, 
at a later date, with the same platinum solution, diluted to a concentra¬ 
tion of N/300000 K, approximately equal to 0*0012 min.“^ only 
slightly less than ono-tenth of the former value. 

In agreement with this, Sentor found that in his very dilute solutions 
the velocity of the reaction was proportional to the oonoeiitratior» of 
the catalyser, whereas in more concentrated solution it increased more 
rapidly. 

The E^eritmnial Re^vUs on Dependejm of Readioa Velocity on Tempeca- 
iure Cannot be Recmciled with Nemsfs Hyyothe.m unlem Convection Plays 
an In\fmiant Part. —^Bredig^a results regarding the influence of tem¬ 
perature cannot be reconciled with Nernst^s hypothesis if we suppose 
the particles and liquid to be stationary. In this case the only effect 
of a rise of temperature would be to increase the diffusion coefficient 
of the solute by about 2J per cent, per degree, and the result of doing 
this can be seen from the following theorem If concentrations in 
a liquid are determined solely by diffiision according to Fick^s law, 
in such a manner that they arise out of a given initial state and a 
condition not defined as a time-relation which is maintained uniformly 
throughput the experiment (such as the one that the concentration is 
permanently kept at zero on the surface of stationary particles of any 
shape and distribution whatever), then the concentration at any point 
may be expressed as a function only of the co-ordinates of that point 
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and the product of the didusion coefficient and the time, the average 
concentration being a function only of the product of the didueion 
coefficient and the time.* 

By the application of tide theorem to Equation 1, we find that 
if this equation wore the result solely of diffiision in a stationary 
liquid, then in order that it may conform with Nernst^s hypothesis, 
the constant K must incre«a8e by about 2^ per cent, per degree. 
This is a far smaller increase than that actually observed. If, however, 
convection takes place with increasing efficiency as the temperature 
rises, there is so far no contradiction with Nernst^s hypothesis. 

If tJie IMstrihiiion of i/ie Particles is Fine Enough^ ike Cmwenlt'ation 
Thr<mghmt the Liquid will be Practically Uniform. —It should be pointed 
out here that if only the disintegration of the particles is great enough 
and their distribution consequently fine enough, changes of concentra¬ 
tion occurring on their surfaces will be transmitted practically 
instantaneously throughout the liquid by diffusion. In this case, 
if Nernst’s hypothesis is correct, the concentration of the whole 
solution would be instantaneously reduced to zero, but even if this 
hypothesis does not hold, the idea of a heterogeneous reaction would 
demand that the velocity of reaction at a given concentration of the 
solute should be proportional to the concentration of the catalysing 
particles. 

If Nemsi^s Hypothecs HoUhy the lieaction Felodim Found by Bredig 
must be (Ireakr than those Calctdaied for a Stationary Liquid. —We have 
thus seen that convection currents play an important part in the 
processes under discussion, and always tend to accelerate tbemu 
The last-named fact opens up a way by means of which to apply a 
direct test to Nernst’s hypothesis. If, on this hypothesis, an ex¬ 
pression could be calculated which is equal to or smaller than the 
reaction velocity under the smallest conceivable amount of convection, 
this expression should always be smaller than the experimentally 
found values, and if it is equal to or greater than the latter, this 
would prove that Nernst's hypothesis must be discarded in the cases 
under investigation, t.«., that the concentration of hydrogen peroxide 
on the BiU'faces of the particles is not* permanently maintaiued at 
aero. 

As has already been stated, we possess an upper limit for the 
diameter of the particles, and we shadl assume them all to be spheres 
of this diameter, thus being certain to obtain a suinimum value for 

a Xhere ia no difficulty whatorei* in proving thii thoorom in a purely mnthe* 
matioat ivay, but it beoomeft immediately obrioue, when we remember that we eaa 
give the diffusion coefficient k any desired Taluo ae by inoreasiug the unit uf tame 
to it« a-fold value. In the new units any interval of time which before nm 
e^^preesed by t b now given by if a, and in oHer that conoentmtions after any real 
interval of time nmy remain unaltered, the above tbeorem must hold. i 
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reaction velocity. It in evident that if a given volume were dia* 
tributed in pieces of larger surface and more especially in flat pieces 
or in pieces of smaller diameter, a much larger reaction velocity would 
arise. 

We again assume each particle to be surrounded by an adhering 
film of liquid, in which no convection occurs, in such a manner that 
the greater the amount of stirring or motion in the solution, the 
smaller the thickness of this layer. On the outside of the film the 
concentration may l>e considered to have a definite value which is 
not exceeded in any part of the solution. If the film is exceedingly 
thin, then the flow of solute to the particle will continually be very 
great and roughly inversely proportional to the thickness of the film. 
If the latter, however, be thick, then, as will be seen in the sequel, 
the flow of solute to the particle rapidly decreases to a value corre¬ 
sponding to a permanent distribution of concentration in such a 
manner that this flow becomes practically independent of the thickness 
of the layer and only depends on the concentration outside. 

It should be pointed out here that a limit is set to the thickness 
of the films by the fact that their total volume must bo smaller than 
that of the liquid. If each layer with its enclosed particle forms a 
sphere of radius R, and N is the number of particles per unit volume, 
we, therefore, have the inequality 

|trR»N<l. (3). 

The concentration outside the films, as will be seen in the sequel, 
is practically the average concentration of the liquid. If, therefore, 
the particles arc far apart, we shall by always assuming the 
permanent flow to take place, corresponding to a very (infinitely) 
thick layer, on the outside of which the average concentration of the 
liquid is maintained, obtain values for reaction velocity, which may 
be taken to be those belonging to the minimum conceivable amount 
of convection. 

Dedwctmi of a Fommla for the HmcHon VelocUy CorrespondiTvg to a 
Mifdrmm Ammnt of Convection. —We have to deal with the following 
case:—A sphere of given radius r is immersed in a solution of the 
concentration Co. On its surface the concentration is kept continually 
at sero, and at a distance R from its centre the concentration D is 
always to be found, which is not exceeded in any part of the liquid. 
The smallest conceivable amount of solute, Fdi, that could under 
these conditions flow to the sphere in the time df, is the value which 
Frff would have if the conditions we have assumed had already been 
in operation for an infinite period of time. This would mean that 
a permanent state had been established, and as it is our object to 
find a minimum value for the substance removed, the first part of 
our prohJem consists in determining Jdt corresponding to the 
prninaiient state. 
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The total amount of solute ¥(X)dt flowing in the time dt towards the 
centre of the sphere across a concontinc spherical surface of radius x 
is given by 

lf\x)dt ^ ^ di (4), 

if K indicates the diffusion coefficient of the solute, and r its coneentra¬ 
il oti at the points under consideration. From this equation we arrive 
by considerations of a well-known kind**^ at the relation 

8c /3v 2 3<.‘\ 

.“>• 

For the permanent state we have dc/dt ^ 0, the limiting conditions 
being 

c ^ 0 for X ^ r . (G), 

c D for X ^ R . (7), 

The result of the integration under these conditions is 

1 *^ "R ^ '** r /o\ 

'•^^K-r-r . 


ami the amount removed at the surface of the small ephci e in the time 
di follows from Equation 4 


h^dl 4ir#cryD^// . 

. (9), 

the quantity y l>eii)g defined by 


R 

> " R- r. 

. (10), 


and decreasing from infinity to 1 as R increases from r to infinity. 

We now have to show that in all the cases we are dealing with the 
quantity D does not differ appreciably from the average concentration 
C of the liquid. Indicating again by N the number of particles per 
unit volume of solution, and by v their total volume, then 

^ V . (li), 

and C, which is equal to the total amount of solute per unit volume 
of liquid, is given by 

K 

C N -NJirR3)D. 

r 

Eliminating c and N from this expression by merina of liquations 8 
and 11 and simplifying, we obtain 

• Sse e.(r. Fourior'a ‘‘Analytical Theory of Heat,” §§ H8 and 118. 
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HiB equation, taken in conjunction with the inequality 3, and with 
Equation 11, leads to the eouolusion that the greatest conceivable value 
for the ditforonce between C and D is i^D + vl). 

Now, in all the cases we have to consider v is smaller than 10“*, so 
that we may, without appreciable error, make D equal to C. Bomem- 
bering, also, that the decrease - (/C of C in the time dt equiUs NFd/, 
and expressing the radii of the spheres by their diameter L, we obtain 
from Equations 9 and 11 

-,/C - 

\-t“ 


from which, by utilising the limiting condition C ^ Co for ^ ^ 0, we 
find by integration 

. 

the constant K being given by the equation 


12kc 

- - O r 


(13), 


and having the minimum value 


K - 


12k/; 

U 


(U). 


Examples to Show tkcU Eqmtiam 9, 12, arid 14, are a Close Apprormiatimi 
to the Correct liesulU 

(a) A Sphere in Infinite Spam. —In deducing the foregoing equations, 
we assumed the permanent state to be always produced instanUineously, 
and we have made it clear that the result thus obtained for the rate of 
change of concentration will certainly not be too large. In reality, 
when the spheres are so small as those we have to deal with, and 
the volume they draw solute from more thati a millionfold as great 
as their own, no appreciable error is made by our assumption. We 
can readily prove this by integrating Equation 5 completely for simple 
cases, and showing that the results approximate very quickly to those 
we have calculated. 

As a first example, we determine the amount of solute which would 
be removed by each sphere after the time t if it were placed 4n an 
bsStute amount of solution at the beginning of the experiment. For > 
t his purpose we calculate an expression for the concentration throughout 
the Uqaid at any time t by integrating Equation 5 under the limiting 
condtl^n tf « D between x ^ r and a; « oo for t ^ 0, and the oon- 
ei;pressad by Equation 6. 

rtj^ ixxxv. 2 » 
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The integral obtained u 

V' Viric ’ 

0 

a result which can be verified without difficulty. 

The amount of solute S removed by the sphere after the first t 
seconds is 

t 

S — iirxr^ f dt when x r 
}^x 
0 

4Tr#cl)r/ + 8 JirKt r‘-*I) 

The first member on the right side of this equation is identical with 
the value which follows for*R equal infinity from the Equation 9 we 
previously employed. Making 2r ^ 5 x 10~"' cm* It « 10~^ cm^/seo., 
we can calculate that the difference between this quantity and S amounts 
to only 0*9 per cent, of S after 1 second. 

(b) A SpJifire in a Large Enclosed Spherical Space .—The close approxi¬ 
mation of the result expressed by Equations 12 and 14 to the correct 
value for stationary liquids* in which the radius of action of each 
spherical particle is great compared with its own diameter, is specially 
made clear by the full calculation of the case in which one of Uxe 
spherical particles is placed in the centre of a spherical vessel of large 
diameter filled with solute. In this case we have to inteigrate 
Equation 5* the limiting conditions being firstly that no solute can pass 
through the wall of the vessel. Indicating the radius of the latter by 
R, this means that 

Fu « 0, according to Equation 4, that ^ = 0, for « R. 

ox. 

We have l>esides the limiting condition expressed by Equation 6 and 
the condition 

« Co between x ^ r and x R, for f « 0. 

The differential equation can be integrated subject to these limits by 
methods similar to those employed in §§ 283 to 293 of Fourier^s Analytical 
Theory of Heat for the determination of changes of temperature in a 
ftolid sphere. The following result is thus obtained:— 

c ^ ~ sin »i (x - r) -f sin %% {z - r) + 

the numbers n being determined as the successive roots of the equation 

tann (B-r) _ , 
nR ” 

andthoiKieScientsab^ tlm equ^ . 




OakU^sig hy Colloidal MetaU md smiktr Snititimm, 566 
na 

j or sin Ttp (cc - r) 


Op*" Co 




sin^ Up (x - r) dx 


i. sin % (R - r) - R cos n^{R - r) -i- r 
Q I ^. 

% (K ” 0 

This system of equations is simplified, and the dimensions of the 
quantities occurring in them made clear hy introducing in place of a 
and n the quantities a and v defined hy the relations: 

n (R - f) == V and (ip/n^ apCo (R - r)^. 

Those quantities a and v are functions only of the nomdimenaional 
number < defined l>y the equation 

r 

' "" R^’ 

After several transformations the final system of equations is 
arrived at. 

ri Co(R“r)r ~w • x-r , . x -r 

c « ^- \ciiVie am n .— + <it-.,y* am 

X It — r MX r 

+ ....] . (15), 

the quantities u being found as the successive roots of the equation 

tan V 

V 

and the quantities a by the equation 

. 

Values of time always exist for which the infinite series can practically 
be replaced hy its first memW. If c bo small the values for vt^ and aj 
arising out of liquations 16 and 17 may be taken as 

and the whole expression simplified to 

C = Co — *■ 

X 

The concentration varies with distance from the small sphere in the 
identical manner we found previously in Equation 8, and we have 
abeady proved that this being so the average concentration C may 
wiidkoat appreciable error be assumed to be equal to the upper con- 
eeLvuble Ihnit of c. We thus have 

C « 

an e(|tta^on which by a slight transformation becomes ideti|ica] with 


1 -(-.I 


( 16 ), 
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The Appliratimi of Eqmtimi IA to Bredig^s limiUs Skms that they 
em^adki Nemsfs IlypoUmin, —Equation No. 12 is identical in form 
with No. 1 which Bredig found to represent his exjyerimental results. 
As the constant K is a measure for reaction velocities under corre¬ 
sponding conditions (see Equation 2), we can submit Nernst^s hypothesis 
to the test we have outlined above by a comparison of the theoretical 
mininmm value for K of Equation 14 with the experimental values 
found by Bredig. 

We employ the results given by him in Table 7 ‘ Zeitschrift f, 
Physikalische Chcmie/ vol. 81, p. 285. The concentration of the 
platinum was here 31500^^ g-alom of platinum per litre, which is 
approximately 3150000“^ c.c. of platinum per c.c. We thus have 
to substitute K 10 %n‘*^/8ec, L « 5 x 10 'Vm, andr = 3150000’”Mnto 
Equation 14, and find 


K 


12 X 10-'* 

(5 X 10-7^x3150000 


0*0152 sec. ' -* 0*91 min.~i. 


Whereas the average value of Bredig’s experiments in which 

^ 1 1 0*016 ^ . , 
NayHPO^ was present amounted to only »0*037 min.***, 

that is about one twenty fifth of the calculated minimum number, and 
the average value in a solution containing no electrolyte whatever was 

0*055 min. ‘\ that is about one-sixteeiith of the calculated 
0*4343 ' 

value. 

Even in alkaline solution in which the reaction proceeds very much 
faster, the velocity is smaller than the calculated value, whereas on 
Nernst^s hypothesis it ought, as already explained, to he much greater. 
Wo employ the numliers given by Bredig in Table 12, p. 297, for a 
N 

NaOH solution, which probably correspond to the very greatest 


velocity measured by him. Here we have v « 300000*“’ g-atom 
of platinum per litre, that is approximately v ^ 30000000*^* c.c. 
per C.C., the other quantities being the same as above. By E<iuation 14 
we thus ctilculate 


R 0*0016 sec.”’ = 0*096 min."’, 

whereas the average value of the constant given by Bredig amounts to 
0*0205 

0*0472 min."’, that is about half of the calculated minimum 

value. We thus see that Bredig's reactions proceed far too slowly to 
allow us to reconcile them with NernsPs hypothesis. 

An Bqua^im of ike Form of No. 1 fjxiprmm (he BmtU if ike VMdy 
of (he Ren^m (kcmrmg m the Surface of (he ParHdee i$ Properffcwwrf 
to (he Cimeentraiion of the Soltdion in ImmeduUe Coniact with 
—The fact that the law obeyed by Bredig^s reacticms differs 
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the magnitude of a constant from the formula we have deduced on 
Nemst's hypothesis might, |>erhaps, seem an argument in favour of the 
latter. 

We now proceed to show that we can obUiiu an equation of the same 
form as Nos. 1 mid 12, but differing from Nos. 13 and 14 in the value of 
the constant K, if we drop altogether the assumption that equilibrium is 
permanently maintained on the boundary between the partiolea and 
the solution, that the concentration of the hydrogen-peroxide is 
permanently maintained at zero. Instead we assume that the amount 
l^dt acted upon in the time di by each particle is proportional to the 
concentration C' of the solute actually in contact with it. Retaining 
the same notation we employed above, we thus have 

Ydt - . ( 18 ), 

a being a constant. The amount of substance removed on the surface 
of the particle must be replaced by diffusion from the interior of the 
solution as a discontinuity of concentration would otherwise occur. It 
can be expressed in terms of k, y and D - C' by making use of Equation 9. 
This Equation was deduced on the assumption that the concentration 
on the surface of the particles is zero. As absolute values of concen¬ 
tration do not occur in Fick^s law of diffusion, it is evident that we may 
generalise the result so as to comprise the case that the concentration 
on the surface of the particles is C' by replacing D of Equation 9 by 
the difference D - C. We thus obtain 

¥d( - iwKry(l)-^C')dt .. (19) 

Eliminating C' from Equations 18 and 19, we find 

ar-f Ky 

from which we deduce a formula identical with No. 12, by reason¬ 
ing exactly analogous to that employed to establish it. The constant 
K in the present case, however, has the value 

K ^ ISttKyr 

L (aL + 2*cy) * 

die number y varying according to the amount of convection from 1 to 
infinity, as is clear from Equation 10, and the number a having any 
positive value, which may be called the velocity constant proper of the 
reaction. 

IT^ermodynatnicaJ CrUicimi of Nerml's ffypothrm .—In conclusion, it 
may be useful to criticise the principle put forward by Nernst from a 
themodynamical point of view. The essence of it is contained in the 
Mkmdng two sentences:—Many facts lead to the assumption that 
is established on the boundary of two pfiases, with 
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extremely great velocity. Such a behaviour is also, it seems, theoreti¬ 
cally necessary, for, othei wise, finite differences of chemical potential 
would occur on the boundary of two phases, Le., at infinitely near 
points, which would nuanifestly lead to infinitely great forces and 
reaction velocities.” 

As is well known, we owe Nornst the calculation of the diffusion 
coefficient of an electrolyte, which probably forms the most brilliant 
instance we possess for the deduction of the velocity of a natural 
process from thermodynamical data. In this case, the force is calculated 
which may bo considered to act u|ion a g-ion of electrolyte (force due 
to osmotic pressure) in a solution of unevorr concentration, and by 
assuming the mobility of the ions to be the same, whether under the 
influence of forces duo to difference of concentration, or under that of 
electric forces, the diffiision coefficient of the electrolyte can be calcii- 
latcKi Here we have an instance to which the considerations quoted 
above fronr Nernst apply beyond doubt. We may put the matter in 
the following form If a discontinuity of concentration were to occur 
in a solution, we should have finite differences of thermodynamical 
potential at infinitely near points, or, in other words, finite amounts of 
work would become availalffe in order to move a given quantity of 
solute an infinitely small, or, at legist, a very small way. Now, as the 
work required to overcome internal resistance in moving a finite 
quantity of solute through an infinitely small stretch of solution is 
infinitely small, a condition such as the one considered would lead to 
an infinite flow of solute. Similarly, if a solid be brought together with 
its unsaturated solution, finite amounts of free energy are available to 
dissolve a given quantity. Now, in this case, although it is not a priori 
certain, yet it is exceedingly prokible that the work is practically 
infinitely small which is necessary to overcome internal resistance in 
transferring substance an infinitely small distance from the solid to the 
liqdd phase. We may, therefore, conclude that a practically infinite 
instantaneous flow would occur, and bring about equilibrium on the 
boundary. Similar considerations probably apply to most physical 
processes, or, at any rate, to such as are capable under any conditions 
of occuiTing in a reversible manner. 

When, however, we turn to chemical processes, we meet with a 
difference in principle. If we wish to consider a chemical reaction as a 
transference of atoms over molecular distances, we can no longer say 
that the work in overcomitig internal friction during this transference 
is a negligible quantity for a finite amount of substance. If it were, it 
is evident that all chemical reactions in homogeneous systems during 
which finite amounts of» free energy are destroyed; shotdd bo instan^ 
taneous. This is, however, not the case. In fact, it is not clear why 
a chemical reaction should proceed with greater velocity on th# 
boundary of two phases than in the interior of one of them. I|t m ^ 
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to be denied that many chemical reactions do take place instantaneoiiely 
on the boundary of two phases, and a considerable number of interesting 
oases have l>een investigated by Brunner,* which evidently oonfomi to 
this rule. It does not, however, seem probable that a useful purpose 
would be served in considering this rule to hold universally. 

I have examined consequences drawn from it with regard to 
irreversible electrolytic reductions, and do not find them to agree with 
facts,t Many other cases might also be brought forward that would 
he very difficult to reconcile with this theory, e.g.y the gre^lt difference 
of velocity shown by metals in dissolving in different acids4 catalysis 
by Bubstances such as nitrogen peroxide during the solution of copper 
in nitric acid, and others. 

In conclusion, the author desires to say that he has had the 
advantage of discussing the matter treated in this paper with 
Dr. Sen ter and Pi*ofes8or Poynting, for which he acknowledges his 
indebtedness, 
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In my pajjer “ On Chemiwd Statics and Dynamics ”(* Phil. Trans. 
A, vol. 199, 1902, p, 337), and especially * Zeit. Physik. Chemie/ vol. 42, 
1902, pp. 316—335, I deduced, from thermodynamics, the laws 
experimentally found by me for velocity of chemical reaction, and for 
chemical equilibrium under the action of light, from the fundamental 
conception that the chemical potential of substance in light and in 
the dark is different, becoming greater in light. The foundation for 
this conception was that two metallic plates immersed in a liquid and 
connected to a circuit form a galvanic *’ combination, when one plate 
is exposed to light while the other is kept in the dark; and, according 
to Gibbs' equation, v*' - v' - «(,(/*«' /%"), no galvanic cell could l>e 
formed, unless the chemical potentials at the two electrodes were 
different in light and in the dark. 

The experiments of Becquerol and Minchin left students to infer 
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that the E.M.F, observed is due to “surface phenomena,*’ beoauae^ 
with AgCl, AgBr, Agl plates both observed currents sometimes in one 
direction, sometimes in the other, and in every experiment different 
curves and mysterious phenomena (“ very curious cases of inversion of 
the current ”) were observed. No galvanic combination we know of 
gives a current in one direction at one time, in the opposite at another, 
the anode and cathode exchanging their parts. 

Not only were the deflections of the galvanometer observed, but all 
the curves in all their complexity wore studied and photographed from 
bogintiing to end, including the induction and deduction periods. 1 
succeeded, after much trouble, in making the investigation quantitative 
instead of qualitative, as hitherto; the results observed were studied, 
and considered in connection with the chemical composition of the 
heterogeneous system, and with those chemical reactions, previously 
unknown to us, which take place in the diflPeront systems under the 
action of light; the complex nature of the phenomena ol)served was 
found, quantitatively separated into constituents, and freed from 
interfering concomitants, etc. 

Though the amperes and volts measured were mostly exceedingly 
small (the first ha<i to be measured in units of 10”^, and the second in 
iinits of 10the photographed curves obtained show that the 
experimental difficulties in this region were quite overcome, since 
concordant results were obtained on repetition of the experiments. 

As the result of more than 3 years’ work, I find that there is, under 
the action of light, a region of galvanic cells as wide and as varied as 
in the case of ordinary galvanic cells. We have here constant and 
inconstant cells, reversible and irreversible cells. The chemical 
reactions and chemical equilibrium in these galvanic combinations are 
now perfectly clear, yet they are all mi gmeris^ all the phenomena 
being intermixed, and characterised by phenomena of induction and 
deduction peculiar to light cells only. I succeeded also in placing 
this region of phenomena on a physico-mathematical I)a8i8, testing and 
proving the equations cxponmentally in all details. The principal 
results obtained are:— 

(1) The total E.M.F. produced by light consists of an E.M.F. pro¬ 
duced by light at a constant temperature, owing to increase of chemical 
potential, and of solution pressure of the exposed plate, and of a 
thermo-E.M.F. caused by one of the two plates in contact with the 
liquid being heated by light. Both E.M.F.’r are found to be directly 
proportional to the intensity of light, and both give currents in the 
same direction, proving that light acts on chemical potential, as well 
as on solution pressure of the electrode, in the sam'e way as does heat. 
My generalisfition for light: Each kind of equilibrium between two 
states of matter (system) is, at constant volume, on exposure to 
shifted in the direction accompanied by greater absorption ^ t^bit^ 
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(analogous to van't Hoff's “ principle of raoveable equilibrium for heat) 
is thus proved.* 

(2) The phenomena of reversal of the current, etc,, observed by 
Beoquerel and Minchin, are due, not to surface phenomena or different 
** thicknesses of sensitive layer,” but to the fact that their combinations 
all give inconstant cells showing polarisation, a phenomenon which they 
and other observers entirely overlooked, since they made no study of 
the induction and deduction periods. Whenever a consideration of the 
composition of the heterogeneous system, and of the reactions going on 
in the same under the action of the current, shows that an inconstant 
cell should be formed, the curve illustrated by fig. 2 is obtained, the 
peculiar course of the induction and deduction periods being caused by 
the principal E.M.F. and the E.M.F. of [)olarisation being set up 
simultaneously mider the action of light, with different velocities, and 
diminishing on removal of the light, with different velocities, vanishing 
almost simultaneously. Whenever a consideration of the composition 
of the heterogeneous systems, and of the reactions going on in the same 
under the action of the current, shows that the cell should be reversibly 
constant, then, provided the action of light upon the plate is such as to 
allow of the formation of a constant cell, and, provided the plates are 
so prepared as to avoid the formation of “ gas batteries ” (for this the 
E.M.F. in the dark must be made very small—a few millionths of a 
volt) we got constant cells, the induction and deduction period having 
a normal course, as illustrated in fig. 1. 

(3) The law governing the induction period in constant reversible 
cells is evidently 

^ ^ («* - w*o -4“ K), 

dr 

the speed with which the syBiem approaches, on exposure to light, 
its new state of equilibrium in light (given by the line d — s, and 
characterised l>y the value of constant E.M,F., tt^) is directly propor¬ 
tional to the remoteness of the system at the given time, r, from the 
point of equilibrium in light (given by the value iro' - r, if tt is the 
E.M.F. at the time t, while ttq' is the maximum E.M.F, in light), and 
to the amount of variation already produced by light in the system up 
to the time t (given by tt - tto, if ttq is the initial E.M.F. of the system 
in the dark) plus a constant K, which is also of the character of an 
instability constant, t.c., the more the system is removed from its point 
of eqtnlibrium in light, the quicker it approaches it, and the more the 
molecules and atoms have bwn shaken up by light (exposed to light 
previously to the time r), the quicker the system approaches the point 
of equilibrium in light. This ^ves also the fundamental law of 
photography, the connection between the amount of silver salts 
deoompo^ and the time of exposure, since the E.M.F. is, during this 
41! phyrMik. Chemis,* 1902, p. 8S2 $ Msg./ 1908, toI. 5, p. m 
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period, directly proportional to the current, and givoe the true measure 
of the amount of silver salts decomposed by light. The equation for 
the deduction period is also 

“ ^ “ r' (tto - ?r) (rr - tt,/ + K'), 

i.e.j is directly proportional to the remoteness of the system from the 
point of equilibrium in the dark, jtq “ ir, and to rr r,/, which gives the 
amouTit of variatioii piwluced by the removal of the light in the 
system already, up to the time r pins a constant K'. 

(4) The physico-niatheiuatical theory of “ consUnt cells reversible in 
respect of the cation ” Ag plate in light, AgNOs solution in light, 
AgNOg solution in dark, Ag plate in dark) is the following. The result 
of the process under the action of light consists :— 

+ 

(1) In ono graniine'iitoui ol the e^ilioii (Ag) of a higher chetj;ical potential 
pawing from the electrode (Ag) in light into the ^olntion ot' the i»alt of the 
electrode in light. 

(2) From the solution in light the granmie*aU)in of the cation to the 

•olution in dark, trautifortning there into oationn of a lower ehemioal potential, 
pawing a deduction period. 

(8) Fiuatlj’ from the emliition in dark the gramme-atom of tl»e lower oliemioal 
potential aeparatet* upon the electrode (Ag) in dark. 

Let the solution pressure of the plate be in dark the osmotic 
pressure of the cations (+ Ag) in the solution in dark pd* Then, since 
the chemical potential of a substance is different (greater) in light than 
in dark, the solution pressure of the same plate in light will be and 
the osmotic pressure of the cations of the same concentration in light 
will be pi. If now w© calculate the work done by such a system, when, 
under the action of light, 1 grsmme>atoin of Ag passes from the plate 
in light to the plate in dark, we get 

for (1) El « 0-860T log, 10“* volt: 

pi 

for (2) Eli volt (very ne^irly); 

' ' n^v ^ pd 

tor (3) Ea - 0 860T log, . i0~* volt; 

Pd 

and 

2E - El + Ej - E, = 0-860T (log, log. 10-‘ volt.. (I) 

giv«8 the value of the E.M.F. of such oombinations under the action of 
light. This equation shows 

(I) The of aueh a combination must be independent of conoeatrattony 

* 0 . 

Was found exporimontolly to be fcho owe. 

(9) £xpftrimoxit« were made whiob tbowed that both the value 
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0 860 T log, . 10-< ToU 

« + » j>rf 

and the electmii) potential difference between the iUnminated and tbe non-iUumi- 
njited solution can be neglected, in coniparieon with the eloctrioal potentiaU of the 
plates and Bolution. Thua Equation (I) can be written 

SK ,= 0 860T ^log,?i^ 10-* Tolt. (IV). 

(5) Since P/ i« >P^, 2E i» po«itiTe, i.«., the ourrent must flow from the plate in 
light to ilic plate in dark, as was actually found. 

|> XI 

(4) Prom 2K •« 0’860 Tlog,, ^. 10“^ Tolt or M log, , we get on differ- 

Prf Prf 

enUating and putting «« ~ (whore o and p* are the 

* * dT To ’ dT Tv ^ ^ ^ 

4 * 

heat of transformation of Ag into Ag ions in light and in dark), a law, analogous 
to that of Gibbs and Helmholta for ordinary galvanic cells i 

.o5E = p"+*»g“-.T. (VI). 

(6) Equation (VI) allows us to calculate the heat of reaction (p") from the 

+ 

K.M.P.S observed; p and p\ or the heat of transformation of Ag into Ag cations 
must evidently be different in light and in dark. 

(6) By Equation (IV) wc can calculate both the ratio of the two solution 
pressures of the same electrode in light and in dark, from the E.M*P. observed, 
and also the absolute value of P/ if is known otherwise, 

(7) It was found eiperimentally that the E.M.F. created by light, or the work 
done by tlie system under the action of light, is directly proportional to the 
intensity of light.• 

(6) The physico-mathematicftl theory of constant cells reversible in 
respect of the anion” (e.y,^ Ag-BrAg plate in light, KBr solution in 
light, KBr solution in dark, Ag-BrAg plate in dark) is the following. 
The result of the process under the action of light consists of :— 

(1) One gramme-atijin of the anion (Br) of a higher ohernii^al potential passes 
from t))o electrode Ag>BrAg in light into the solution containing a salt of the 
same acid (BrK) as the salt (BrAg) covering tlie mel^al plate Ag. 

(2) The gramme-atom of the Br ions jesses from the solution in light to the 
solution in dark, transforming into anions of a lower chemical potential; and 

(8) The gramme-atom of the Br ions in the dark of the lower chemical potential 
sepimites from the solution upon the electrode in tlie dark. 

If wo now calculate the maximum work done by such a system, when 

under the action of the current 1 gramme of anion (Br) passes from 
the plate in light to the plate in dork, putting P|, Pd, for the solution 


* 8ee *Eeittfoh. physik. Chemie/ 1902, pp. 819 and 888; *PhU. Hag^* 1908, 
vol. «, pp 211, 224. ’ , 
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presflureB of the electrodes in respect of the union in light and in dark 
and and for the osmotic pressures of the anions in light and in 
dark, we get 

for (1) E, = 0'860T log, . 10"^ volt; 

for (2) E 2 - 0*860T^^“ ^ . lO""* voit (approxiraately); 

' ^ u-hv pfi ' 

for (3) Eb - 0-860T log. voit; 

and 

2E = E, + E .2 - Es - 0 BeOT ( - log. log,^'* 'i IQ--* volt, (1). 

V "Pd U + It "Pd/ 

This is the general equation. It follows;— 

(1) The E.M.F. imist V»e independent of (tonoeniration } an(i tliia was actually 
found by direet exjwriuiont. 

(2l An experimental inrestigHtion of the value 0H60T 10 '‘voltand 

«■+ n pd 

of the electrical potential difference between the illununated and not illuminated 
solution showed in two different ways that it can be neglected, so that wo can put 

SB - 0-860 T. log, ?!'. 10 ^ volt. (IV). 

(3) Equation (IT) shows that, since P/> IV, the ourront must flow from the 
plate in the dark to the plate in the light, as was found experimentally. 

(4) The eonneotioti is (h^duced, from Equation (IT), between the E.IM.F. of a 
constant galvanic combination reversible in respect of the anion under the action of 
light and the heat of chemical reaction in the same, or the chemical energy created 
by light t 

We have 

3B - 0-860 + -^log,^')lO-< volt - 0-860 T log, volt, 

or n.( 3 £ — RT log, and for u, — 1 , ».3B = BTlog, 

P/ P; 

From this equation w© get 

f)iiri«3E *» RTd + Eloge^-^l^ KTd • 

Now the solution pressures must follow in light and in dark a law similar to 
Clauaius* law of evaporation, and - ^ 5 ; therefore 

KTd (log.|^) “ p"y • *“•* 

«re get for constant galvanic cells reversible in respect of the anion in light, a 
law analogous to that of Oibbs and Helmholts and according as is >, « 

dr <e*'t system will take up or not, or give up heat to the MinFOiuidmg 




376 


Dr, M, Wildemuui. On Gidvanie Celts [Nov, 8, 

(G) Equation (YT) allows us to caloulate the heat of reaction in gaWanio eombi* 
tuitions created by light, front tho observed E.H.F. and its temperature coefficient* 
The much greater deflections obtained here induoed the author to make vigorous 
efforts to determine the temjwrature coefficient of the E.M.F, observed, but the 
enormous eiperimenlal difficulties entailed prevented him from getting more than 
the general result that it can only be very small (erperiments with KBr solutions 
and laBr solutions). For the same reason the heat of reaction con be (hitermined 
only approximately. 

(d) As to the solution tension in light and in dark, there are ditt'erences between 
cells created by liglit and ordinary galvanic cells; the first are dejwndeut upon the 
capacity of absorption of light, the cfl'eet of previous illuminalion, physical changes 
in the dark, the intensity of liglii, ole.; all this makes the solution tension of an 
elcotriHle in light svi generis^ distinct frino the solution tension of ordinary galvanic 
cells. 

(7) The E.M.F. of constant ceils reversible in respect of the anion is found also 
to be (iirectly proportional to its intensity (5E ~ c.T (VM)). Since the light 
energy falling upon the plate is also directly proportional to the intensity of light, 

i.«., h « K. T, we have AK ^ ^ L, i.e,, the E.M.F. or the work done by the given 

A. 

system forms always tlie same fraction of the total light falling upon it, and this 
must hold good for monochromatic light as well. Since the solution pressure of a 
substance in the dark is a constant, it follows from (Yll) that 

^log,P, - c.l ;0'860T.10“-»-log.P^ und log.P/» K'M + (VIII) 

This equation gives the variation of the solution pressure of the oloctrodo in 
light in dependence upon its intensity ; if P,/ is known from other sources the 
absolute value of P/ can be calculated for escjh intensity of light from (VIII), 

(6) The theory of themiogalvanic cells is the following. An analysis 
of the chemical reactions going on in such systems (two equal 
plates immersed in a solution, one plate being kept at a higher 
temperature than the other) shows that, e.g,, Ag plates in AgNOs 
solution must form a constant cell reversible in respect of the cation, 
that Ag-BrAg plates in NaBr solution must form constant cells 
reversible in respect of the anion, and Ag plates in NaCl solution must 
give an inconstant irreversible combination, etc* 

The E.M.F. of a thermogalvanic combination evidently consists of: 
(1) The potential difference between one of the plates and the solution 
at T,, (2) the potential difference of the same plate and the same 
solution at T,, and (3) the potential difference between two solutions of 
the different temperatures, t.A, 2 E Ei - 

Now we have for the single electrical potential differences Ei « pd* 

jJMCP /JfTPP 

^ T^ at T,t E.^ ^ ^ ^ where p is the heat of ionisation of 

one gramme-atom of ions (Ag in the above mentioned constant cell 
reversible in respect of the cation), while Eg caii be 'put«<rE' (T, - T^,), 
Ae force driving the ions from one part of the solution at one 
temperature to the other part of the solution at another temperature 
must be directly proportional to the difference of the two tempenitiire% 
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beoftuse the osmotic pressures are pj 

B 


BT 


Pi 


ET 


'I and pi 


(T, - T^,). Therefore 


2E 


/dE 

V3T 


+ E')(T-T„) 


(I). 


t,e., ths EM,F, of thernwgalmnic cells must he direrMy proptyriioml to the 
difference of temperature of the two eUdrodes^ a law which is analogous to 
the thermoE.M.F. produced when two metals are in contact^ instead 
of a metiil and solution. (l1io assumption, however, is made that p or 
heat of ionisation can be taken between and to remain constant.) 

The laws for thermogalvanic cells can be deduced in another way 
from the solution pressures of the electrodes and the osmotic pressures 
of the solution. Wc take the system (Ag, NO^Ag 8ol.)T^ (NOjAg sol, 
A«)T,, 

We have 


El =>® 0*860Tj. log^, —' 
Fr. 


and 


10-* volt; Es = 0-860T,, log, volt; 

Es - E'(T,-TJ; 


^E =* El E^ Ejs 


0-860 fx, log. - T, log, 

V Pt, ' PrJ 


10-" volt + E'(T,-T„) 

. (I). 


where Pr,» Pt,, are the solution pressures of the silver electrodes at 
and Similarly we get for cells reversible in respect of the anion 

2E » 0-860 (T,log.g-T„ log. 10"" volt + E,'(T,-T„) ...(II). 

Since Pr,, are directly proportional to the absolute temperature, 
we have for systems reversible in respect of the cation 

^ pv„ « 

and 

SE 0'860 (T, log, Pt, - T,, log, Pr,) 10-< volt 

+ 0-860 logUfiT,) 10"^ volt + E'(T,-T,).,. (P), 

and for systems reversible in respect of the anion, 

SE « 0^860 log, Pt., log, PtJ 10"“^ volt 

+ 0-860(T,logaAiT,-TJoga/*TJ10“'‘ volt + Ei'(T,-TJ.., (IF), 
Equation (IP) differs from the equation of Nemst by the term E% 
which 1 put « El' (T, - T„), but while Nernst assumes that Ei and Et 
remain unknown, and tries to eliminate them {ue. their content), by the 
uae of two different concentrations, we shall try to determine the value 
alKi content of these equations so as to get to the fundamental equation 
90$^^ the thermogalvanic system for any one ooneentratioii. 
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If Pt, and Pt„ are the solution pressures of the electrodes, they most 
follow a law analogous to Clausius'law for evaporation in a vacuum, i.e,, 

^ ^ + and therefore log, Pt, - + log. T, + K 


and log, P|„ = + log,, T„ -r K. 

Putting these values into equation I and IP we get *.— 


liE - [0-860 (K - log. + E'] (T^ - TJ, instead of (F); 

- [0*860 (log, 10 ■^ + ET(T -TJ, instead of (IP), 

t.«., the E.M.F. of constant thermogalvanic cells reversible in respect 
of either cation or anion, must be directly proportional to the differ¬ 
ences of temperature of the two plates in contact with the liquid. 
Prom the observations of Nernst and myself, it can be shown that this 
is actually the case. Hence we prove that; 

(1) The tb«nnf>galvanic K.M.F. ii* dire'Oily propoHioiial to difforeiu*o of 

temperature of the two plmiea of euiitact of the plateii with the liquid (deduced in 
two ways). ^ 

(2) The solution pressure of tlu; electrodes follows a law similar to Clausius’ law 
of evaporation- 

(8) The Jaw of Oibbs and HelmholU giving the connection between the E.M.F. 
of a galvanic eonibination, the heat of reaction, and the temperature oot^fHoieut of 
the E.'M.F., holds good for each of the two poleutiaU separately, giving thus the 
conneotion between the electric potential differences of the given plate and solution, 
the heat of ionisotiofi of the given plati), end the temperature oooflloient of the 
value of this potential difference. 

(7) A very detJiiled investigation of the E.M.F. in the dark 
showed that it is due to^ the formation of “gas batteries” 
through adhesion of gases in different concentrations to the 

plates, the degree of adhesion de|jending upon the state of the 

surface of the plate. The current polishes the plates, the amount 

of the gases adhering to them becomes thus more equal, and 

O'OOOST P 

according to the equation rr the KM.F. Of the gas 

P2 

battery becomes smaller. From these we must distinguish gas batteries 
oreated under the action of light as the result of the cheraioal processes 
going on in the system under the action of the current—the separation 
of gas upon one electrode only, or of different gases on the two 
electrodes. 
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Experiments on the ^Tature of the Opsonic Action of the Blood 
Serum/' By William Bulloch, M.D., and E. E. Atkin, B.A., 
Bacteriological Laboratory, London Hospital, E. Communi¬ 
cated by Leonard Hill, M.B., F.K.S. Eeeeivod January 10, 
—head January 19, 1905. 

In a series of simple and convincing experiments Wright and 
Douglas* have shown that in phagocytosis so called, an important if not 
a cardinal r6k is played by the body humors, whcreb}*^ they act uj>on the 
bacteria, thus rendering the latter an easy prey for the polynuclear 
leucocytes. The demonstration of this (/jmmic action of the serum or 
plasma was mainly brought about by testing separately and combined 
the body humors and the corpuscles which had been washed in salt 
solution. Contrary to general opinion, Wright and Douglas found that 
the leucocytes were capable of engulfing microbes only when the latter 
had been attacked by the serum or plasma. This attack on the microl>e 
does not lead to the death of the latter, as sera may manifest a nmrked 
opsonic effect without being in the slightest degree bactericidal. 
Wright and Douglas found that the opsonic substance was more or less 
thormolabile, being destroyed in 10 to 15 minutes at a temperature of 
60 to 65® C. In subsequent papers these authors have demonstrated 
that there is a definite type of immunity in wluch the blood fluids 
co-operate with the leucocytes to destroy the invfiding microorganisms, 
this being diflereiit from the antitoxic and bactericidal typos of immunity 
which have alremiy \yetm studied with completeness. 

Technique .—The technique we have employed is that described by 
Wright, and for the moat part the experiments were made with living 
oultures of Staphylococms albus not more than 24 hours old. For accurate 
and uniform results it is essential that the emulsions of the cultures 
should be homogeneous, the biwteria being uniformly distributed and 
separated from each other. This is best obtained by shaking, and the 
sulisequent application of the centrifuge. From their tendency to 
group themselves into masses, certain strains of staphylococci are 
unsuitable for determining the opsonic power of the serum. Where 
different bacterial emulsions are compared with each other it is essential 
that they should contain the same number of bacteria, a result best 
obtained by counting and diluting as required.! The leucocytes were 
obtained from the citrated blood of the authors and other human beings 
or from rabbits. The sera used werti either of human or animal origin 
and were for the most part from normal individuals. 

In all oases the }»x>portion of serum, bacteria, and corpuscles was 
8 J1 : 3. 

♦ * Roy. Soc. Pioo.,* Toll, 72 wad 73. 
t Sss Wright, * Lancet,* July 4,1902. 

VOi; XMXIV, 2 F 
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Efied of Heat wpon Smm mitaifmg Opsonin, —Scrum ceases to exert an 
opsonic effect upon bacteria after it has been heated in the water bath 
at 60 to 66* for 10 to 15'. In most cases the opsonic effect is totally 
abolished at this temperature, in a few caRos, however, some slight 
effect Win bo witnessed, but this is mainly, if not entirely, due to traces 
of serum left attached to the leucocytes where those have been 
incompletely washed in normal salt solution. 

—Normal rabbit's serum (throe parts), mixed with staphylo* 
coccus emulsion (one part), and washed human blood corpuscles 
(three parts). A portion of this was tested, the serum being uuheated. 
Other portions were heated to 60'" C. for varying periods. In each 
ease a phagoc 3 diic count was made by numbering the cocci in fifty 
leucocytes and then striking the average per leucocyte. 


1 (Control), Normal nerum 

C^cot per 
leuiiocytp. 

4-ooooi + oorpuaclfls 14 

2. Serum heated to 60® C. for 

8'+ + 

„ w= 0 

8. t) ,t 

8'+ » + 

„ » 0 

^ t( }> 

9' + „ 4“ 

- 0 

5. 

12'+ ,, + 

”0 

8. t, 

16'+ „ + 

,, 0 


The opsonin can, however, be destroyed at even lower temperatures 
if the heat is prolonged. 

Ex^miment .—Here the conditions of the Experiment were the same, 
with the exception that the serum was heated to 65* and 50* respec¬ 
tively instead of at GO” C. 

Cocci per 
leucocyte. 

(1) 1 (Control), XJnheafced serum + cocci + leucocytes « 10 *9 

2. Serum heated to 66® C. for SiV + „ + „ 0 '8 

8. ,1 ,, 60 + + I, =0 

(2) 1. (Control). Unboatecl serum + cocci + ooppuBoles « 18 


2. Serum heated to 60^ C, for 10' + „ 

+ 

>» 

- 8*4 

8. 

18'+ » 

+ 

>» 

» 8 *4 

4. 

20'+ „ 

+ 

ft 

2 

6. 

»» 26 + 

+ 

ft 

«* 1 

6 . 

.. 80-+ „ 

+ 


«« 1 


E^eet of Cold upon Opsonin, —Cold exerts little effect upon the opsome 
power of the serum; even when immersod in ice water for 24 hours 
the opsonic value sinks about one-third. At ordinary temperatures 
the (^wonin is remarkably stable, showing practically no diminutioii 
for 24 hours. 

Slffects of Eixpomre to Liffkt, —In ordinary diffused daylight the opoomk 
power of the serum remains unaltered for many hours, btd; when 
exposed to bright sunlight for 3 hours a serum was seen to become bss 
iqpsonic in the proportion of 10: 7. 

Are the opsonins, or are the leucocytes, the variable factors whm 
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the phagocytic power of different bloods is compared 1 For many 
years Metchnikoff has taught that the leucocyte is the dominant factor 
in phagocytosis. He has also emphasised the training of the leucocyte 
as the essential thing in immunity. The experiments we have made 
confirm the results already obtained by Wright and point to the 
conclusion that the leucocyte is indiflforent, the variable in a series 
of bloods being the serum. In a first series of experiments the leucocytes 
derived from seven different persons were tested with respect to their 
phagocytic power, one and the same staphylococcic emulsion and one 
and the same serum (rabbit’s) being use<i in each Ciiae. 

In a second series the aera of the seven individuals whoso corpusoles 
had been used in the above experiment were tested in respect of their 
opsonic power, one and the same suspension of cocci, and one and the 
same variety of leucocytes (derived from one of ourselves, W. B.) being 
employed throughout. 

Experiment L .Babbit’s serum mixed with emulsion of sUiphylococci 

and human leucocytes (from seven persons) in the proportion of 3 :1 : 3. 
Phagocytic count obtained by counting the number of cocci in thirty- 
five polynuclear leucocytes and then calculating the number per 
leucocyte. 

Cocci per 
leucocyte. 

1. Rabbit’s acrum + cocci + oorpusole* (of W. B., a normal male) « 9 '8 


a. 

># 

+ ♦> 


(ofF. T., „ )i -9 -8 

8. 

tt 

+ »* + 


(ofO. 0., „ )-97 

4 . 


+ M + 

,, 

(of R. D., „ ) - 9 e 

5 . 


+ „ + 


(of C. Hm „ ) - 9 

6 , 




(of H. M., an anaomio « 9*9 





female) 

7 . 


+ M + 


(of S. M., male, facial acne) «« 9 


Experiment 11 .—Vanous humitn sera + cocci + one kind of leucocytes 
from a normal male individual. 

Ooooi per 
leucocyte. 

1. Serum of W. B. + cocci -t* corpu»cle« of W. B. 21 *8 


8. 

>1 

F. T. + 



„ 80*8 

8. 


0. G.+ 

» + 

» 

„ 21 ‘1 

4. 


K. D.+ 

» + 


„ « 20 

5. 

)» 

0. H.+ 

*» 


^ 19*8 

6. 

** 

H.M.+ 


»» 

„ « 15 *5 

7. 

»» 

8. M.+ 

M + 

♦» 

- 14 


The possible objection that the human leucocytes would be injured 
in contact with rabbit's serum is disposed of by an experiment in 
which the phagocytic power of one serum, either human or rabbit's, 
was determined with both human and rabbit's leucocytes. Even in this 
case the leucocyte is largely an indifferent factor. 
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1 . 

2 . 

8 . 

4. 

The preponderating effect exerted by the serum m distinguished 
from the polymiclear leucocytes is again brought out strikingly in the 
following experiment. In this case the serum mixed with corpusoles of 
a normal individual (W. B.) is comjmred with the sera and the corpuscles 
of three advanced cases of facial lupus, the first of these cases (No. 2 
and No. 5) being a wretchedly under-nourished girl of ten with very 
extensive facial lupus and large ulcerated tubercular sores on the hands. 
The test material in this experiment was an emulsion of tubercle 
bacilli, and the number of T. B. in 100 leucocytes was counted, and the 
average struck as usual 

T. B. 
leucocyte, 

1. Serum of nomml indiTiduaJ+ T. B. emulsion+ Jeucoo}*tes of normal »■ 6’7 





individual 

2. 

4 

•f 

4l6ucocytc(»of aiupuft 6*4 




patient 

8. 

+ 

„ 

4 „ „ 6*2 

4. 

+ 

»» 

4 „ M “ 6-3 

5. Senim of a lupu^ patient 

4 

„ 

4 loucot^tee of a nor* «« 2*5 




mal individual 

R. 

4 

*1 

4 „ 2-4 

7. 

4 

»» 

4 „ H 8*2 


Expressing these relations as the opsonic index, we have— 

No. 1 ~ TO ^ (normalserum + normal leucocytes). 

„ 2 « 0*94 „ -f leucocytes from lupus patient). I 

o 3 == 0*90 «* ( „ + „ „ ). h 

„ 4 « 0*93 =“ ( », + „ „ ). J 

„ 5 «« 0*43 (lupus serum + normal leucocytes). 

„ 6 =« 0*43 «= ( „ + „ ). I 

,, 7 “ 0*56 » ( „ 4- „ ), J 

On tha Cmstitntim of (lie Opmiic Body in the Seruvi .—The bacterial 
bodies already known to exist in the serum are referable to one of three 
classes, vis., antitoxins, agglutinins, lysins. The last of these are the 
most complex, as the lytic action occurs only after the coalition of two 
distinct elements, the complement which for the most part is thenno- 
kbile, and the immune body, which is thermostable. The agglutmtns 
are of simpler constitution, although here special conditions of the 
agglutinating substance (the serum) and the agglntinalde substance 
(the bacteria) must exist before a^lutination is manifest. Temperatom 
above 70* C. applied either to the serum or to the bacteria sofloe to 


Oocoi per 
leucocyte. 

BabhitV M»ruTn + itaphylocooci 4 rabbit^s leucocyfcei » 10 *3 



4 

*, 

4 human 

»» 

18 

Human serum 

4 

>1 

4 rabbit** 


«. 19-u 


4 

ft 

4 humari 

»} 

^ 17*6 



1905.] On the Opsamc Aetion of the Stood Serunu 383 

inhibit the agglutinAtion, although the agglutinin is apparently not 
entirely destroyed. Iti comparison with the lysins and agglutinins the 
antitoxins are believed to be relatively simple bodies. We have asked 
ourselves the question to which, if any, of these classes do the opaonins 
belong, and we have followed the usual methods of experimentation 
which have boon utilised to determine the constitution of such anti¬ 
bodies. These experiments chiefly consist i!i determining the tempera-f 
turo at which the spocific action is abolished, the temperatures at which 
the antibody enters into combination with the bacteria, and whether the 
action of heat is one of destruction or merely a conversion into some 
modification in which the specific action is no longer manifest. 

Can the opsonin act on bacteria which have been subjected to high 
temperatures ? 

Expenment 1. 

Techmitir ,—Emulsions of cultures of staphylococcus were placed 
in sealed glass tubes and subjected to temperatures of 100 to 134“ C, 
for varying periods, the opsonic action of serum on such heated cultures 
being compared with that upon unheated emulsions. 

Ooooi per' 
leucocyte. 


1. 

Normal human serum + unheated cocci 

+ leucocytes « 80 

2. 

>* ft 

•f cocci heated to 

100° C. for 80' + 


8. 

t> It 

+ .. ,1 

100° C. for 60' + 

„ **20 

4. 

It ft 

+ .» t. 

115° C. for 30’ + 

,t “ 15 

5. 


+ 

120° C. foi 30' + 

It -15 



1 

1 

2. 






Ooooi per 





leucocyte. 

1. 

Human aerum + unheafced oooci 

+ oorpusolei » 27 

2. 

„ *»- cocci heated to 100° C. 

for i hr. + „ 

- 17 

3. 

ft + 

t) t* 

1 + 

** 36 

4. 

It + 

»i ft 

It hr8.+ „ 

- 12*9 

5. 

It 

t» If 

21 ,1 + V 

18 

6. 

, i- 

184' 0. 

for 11 „ -r „ 

12*6 


From these experiments it is apparent that there is a certain falling' 
off of the opsonic action when the cultures are kept at high tempera- 
taires for long periods, but even at 134* C, for hours the diminution 
in phagocytic power is about 50 per cent. It is possible, too, that the 
readings are really higher, as it is often very difficult to count the 
bacteria which have been subjected to such high temperatures on account 
of defective penetration of the stains employed. 

Effect of heating to 60* C. a mixture of serum and cocci which have 
already been digested at 37“ C. for 16'. 

2 F 2 
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Wo have already seen that a temperature of 60'’ 0. applied to the 
serum euffioes to abolish its opsonic effect. Wright and Douglas 
showed, however, that if the serum were first brought into contact with 
bacteria at 37“ C. for 16', and the mixture were then heated to 60* C, 
for 16', the cocci were picked up by leucocjrtes without difficulty. It 
was upon this experiment that they based their conclusion that the 
opsonin really acts upon the bacteria and does not merely stimulate the 
leucocyte. We have thought it important to determine whether pro¬ 
longed heating at 60“ C. of opsonised cocci can destroy the opsonic 
power so that these cocci cannot be picked up su}>8equently by leuco¬ 
cytes. 

Kxperivmii. 

TecJimim ,—Normal serum (three parts) mixed with staphylococcus 
emulsion (one part); mixture kept in water bath at 37“ C. for 16'. 
This mixture, which is spoken of below as “ opsonised cocci,” was then 
distributed into a series of glass pipettes which were placed in the 
water bath at 60" C. for periods of 16' up to 5 hours. On 
removal from the water bath, four volumes of the “ opsonised cocci ” 
were mixed with three volumes of corpuscles at 37* C. for 16', and the 
phagocytic count made as usual. For comparison the phagocytic count 
of unheated serum + cocci, and of serum heated to 60* C. before being 
mixed with cocci, is added. 

Hesuits, — 

Ooooi p«r 
Uuoocyte. 

1. tTuheiited serum (8 vob.) +coooi (1 toI.) + oorpusoles (8 vols.) «» 28 


2. 

Serum heated to 60® 0. for 16'+ „ 

+ „ 

„ ~ 0 ‘1 

8. 

** Opeonieed coeci ” at 00® C. for 15' (4 rob.) 

+ „ 

- 27 

4. 

M » 8<»' O 


„ 28 

5. 

*» »» 46' ,, 

+ J, 

„ - 28 

6. 

», ,t 60 ,, 

+ ,, 

,, H® 24 '5 

7. 

„ „ Uhr»,„ 

+ 

- 26 

8. 

M »» 2 „ „ 


- 23 '6 

9. 

»* 1, ,, 


„ « 22 

10. 

>> M 6 „ ,, 

+ H 

M - 24 

11. 

M ,, 6 „ „ 

+ ,, 

„ ^ 28 *6 


The experiment shows that some change is produced in the bacteria 
during the ■ 16'exposure at 37*0. and the change is such that sub¬ 
sequent heating to 60* for even 5 hours is inoperative, this being very 
different to the effect of a preliminary heating of serum at 60* C. 
before admixture with bacterial emulsion. 

Experiments on the rate of disappearance of opsonin from serum 
when the latter is brought into contact with cocci at 37* C. and 
at 0 * a 
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Ea^erimefU, 

Tedmique ,—Normal serum mixed with an equal volume of staphylo¬ 
coccus emulsion and then filled into a series of capsules. The capsules 
were sealed and placed in the water bath at 37*" C. or in a mixture of 
ice and salt. After varying periods the capsules were removed and 
carefully centrifugalised for 1 hour, the clear supernatant fluid from 
each capsule being tested upon a fresh suspension of staphylococcus to 
see whether the opsonin had disappeared. As a control the opsonic 
power of normal serum in proper dilution is also added, likewise the 
Qpeonic power of serum which has been heated to 60'" C. for 16'. 

Reanlts ,— 


Oocoi per 
leucocyte, 

1* (Control). Normal eerum (8 parts) + oocoi (1 part) + oorpusolos (S parte) »• 18 *7 


2. 

(Control). Heated 

»» 

+ M 


+ 

n 



0*1 

8. 

Supernatant fluid from oapeule 










at 87^ C. 

fur 5'+ „ 


+ 

M 

It 


0 

4. 

Ditto 

ditto 

ditto 

10'^ „ 


f 

M 

It 


0 

5. 

Ditto 

ditto 

ditto 

16'+ „ 


+ 


»» 

tm 

0 

6. 

Ditto 

ditto 

ditto 

30^ + „ 



11 

11 

ne 

0 

7. 

Ditto 

ditto 

ditto 

46'+ „ 


+ 

n 

i» 


0 

•8. 

Ditto 

ditto 

at 0® C. 

for 10' + „ 

11 

+ 

1' 



0 

9. 

Ditto 

ditto 

>1 

20'+ ., 


+ 

)i 

»* 


0 

10. 

Ditto 

ditto 

♦1 

3<y+ „ 


+ 

n 

II 


0 

11. 

Ditto 

ditto 


46'+ „ 


+ 

11 

*1 


0 


The result is unequivocal; the opsonin had completely disappeared 
from the serum within 10' l)oth at 37'' C. and at O'' C. 

Ej^perinmUs to Determine the Nature of the Opsonic Botiy^ and its Mode 
of Action ,—We have seen above, that when heated to 60" C,, serum 
ceases to exert an opsonic effect. We have also seen that opsonin 
disappears from the serum when the latter is digested with bacteria at 
37" C., or at O'' C, Is this disappearance due to destruction, or does 
the opsonin pass into some modification, in which an opsonic effect is 
not visible 1 Is the opsoniri a simple, or a complex structure! 

EsperimenL 

Technique,—(1) Normal serum was digested with an equal quantity 
of emulsion of cocci at 37" C. for 16'. After digestion, mixture was 
centrifugalised for f hour. In this way a clear supernatant fluid (A) 
was separated from a deposit of cocci (A'). 

(2) Normal serum was digested with an equal quantity of emulsion 
of cocci at 0" C. for 15', centrifiigalised as above, and separated into a 
supernatant fluid (B) and a deposit (B'), 

As the serum was mixed with equal quantity of cocci, the controls 
made with normal serum and normal ” cocci are given in their appro¬ 
priate dilutions, which were made with 0*86 per cent saline. The term 
normal is applied t) cocci which have not been treated in any way. 
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1 (Ooutrol). Nornud serum 

(2-fold dilution) + “ normal ” 

Oocci per 
leucocyte. 

cocci 4* oorpusoles m 25 

2 „ 

(4- „ )4- 

+ 

»t 

-17 

3. Fluid A 

+ t. 

-1- 

»» 

- 1 

4, M B 

+ .♦ 


II 

- 2*6 

5. „ A 

+ ooooi B' 

+ 

11 

- 27 

6. ,, A 4* B 

+ normal *’ 

cocci+ 

II 

- 8 

7 (Control)* Kormsl serum (undiluted) + „ 

4 

n 

- 81 

8. 

„ + oocoi A' 

4- 

M 

- 28 

9. 

»» + » B' 

+ 

II 

- 26*6 


This experiment again shows the disappearance of the opsonin from 
the serum at 37'’ and 0“ C. It also shows (Nos. 8 and 9) that the 
opsonin has passed into the cocci (A' and B'). 


ExperinmU 2. 


In this experiment an attempt was mfide to determine whether 
at O'* C. a complenient-iiko body could be separated out, which, with 
heated serum, would exert an opsonic effect. 

Technique. —1. Normal serum mixe<l with emulsion of cocci, in equal 
parts, at 0“ C. for 15'. The mixture was then centrifugalieed, and 
separated into a supernatant fluid (A) and a deposit (A'). 

2. Serum heated to 60’ C. for 16', mixed with cocci (aa), and placed 
at 0* C. for 15'. It was then contrifugalised, and separated into a 
supernatant fluid (B), and a dejKMiit (B'). Controls were supplied by 
normal serum (in appropriate dilutions), digested with “ normal ” cocci 
and corpuscles at 37“ C., and heated serum under the same conditions. 


Cocci per 
leucocyte. 

1 (Ooutrol). Normel vorum (2-fold dilution) 4- nomar* cocci -f corputolet « 25 

2 ,, I, (4-fold »» ) ■^' ,» + ,» 18 

8 „ Serum heated te W 0. for 15' 4* „ + „ -« 2 

4. Fluid A 4* heated terum (lui) + „ + „ 2 

■6. Fluid A + „ + „ « a 

6. cocci A' 4* „ «• 22 

7. cocci B' „ 4 


Bmarks. —This experiment shows that the opsonin is very difierent 
in type from a lyain, as apparently no complement-like body remains 
in the supernatant fluid after the serum has been digested at 0** C. 
The low reading in the case of the deposit B' wo\dd aUo lead to the 
eupposition that the action of heat at 60“ has been to destroy the 
opsonin altogether. This supposition is confirmed by the following 
experiment. 

If heated serum is unable to exert an opsonic action on itaphyloeooci, 
are the latter, when digested with heated serum, capable id beii^ 
opsonised by unheated serum 1 
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EigperimenL 

Technique .—Normal serum was heated to 60" C. for 15', then mixed 
with an equal quantity of staphylococcus emulsion, and digested at 
37" C. for 15', the deposit of cocci (A) being then removed by the 
centrifuge. 

The deposit (A) was then divided into two parts, one being reserved 
for the opsonic test, the other being mixed with normal serum. The 
mixture was digested for 30'; the centrifuge was then applied, so as 
to separate a supernatant fluid (B) from a deposit of cocci (B'). 

Cooci per 
]eucoc;fia. 

1 (Control). Normnl + nornni] cocci + oorpuscleB 18*6 

2. „ „ (2-1’olti flilutioii) + „ + >> 16 

3. ,, HcRtcd ficrum + „ + «* 0‘5 

4. Noriual aoriuQ +co<tc'i A + „ 16-5 

6. Fluid B + noimnl cocci + ,, =0 *4 

6. cocci 11^ + ,, =« 16 

This experiment bears out the suggestion altove, that heat destroys 
the opsonin. The cocci (A) having been quite uninfluenced by the 
heated serum, were capable of being opsonisod by normal serum, and 
they were further, as shown in No 5, capable of abstracting all the 
opsonin out of normal serum. After being acted on by the normal 
serum, the mere addition of corpuscles demonstrated that they had 
been actetl upon by the opsonin (No. 6). 

liemlts .— 

1. Opsonin is present in the normal serum. 

2. Opsonin is thermolabilc. 

3. It rapidly disappears from the serum when the latter is mixed 
with bacteria at 37" C. or at 0" C. 

4. After the opsonin hjis united with the bacteria the mixture of 
serum and cocci can be hea^ to 60" C. for long periods without 
al>olition of the opsonic effect. 

5. The leucocyte is practically an indifferent factor when the 
phagocytic power of different bloods is compared. 

6. The capacity of bacterial emulsions for extracting opsonin from 
the serum is only slightly diminished by subjecting these emulsions 
to very high temperatures over prolonged periods. 

7. The action of heat is to destroy the opsonin, and not merely to 
convert it into a non*opsonisable mo^fication. 

8. The opsonin is not identical with any of the anti-bodies hitherto 
disoovered in the senun. 

9. The opsonin is of relatively simple constitution; where these 
ea^Mriiiiente cover the same ground as those of Wright and Dougks, 
the observations of these authors are confirmed 
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“ Note on the Effects produced on Eats by the Trypanosomata of 
Gambia Fever and Sleeping Sickness/* By H. G. Plimmbr, 
F.L.S. Communicated by Br. C. J. Martin, F.E.S. Received 
December 1, 1904.—Read January 19, 1906. 

(From the Lftboratoriea of the Liiter Institute of Preventive Medicine.) 

The following observations are of interest in connection with the 
view that Gambia Fever may be the early stage of the disease which 
ends as Sleeping Sickness, which is held by some: and with the 
question of the causal relationship of the Trypanosoma found in 
Sleeping Sickness to the disease. 

The Trypanosomata used in the experiments mentioned below 
were given to me by Col. Bruce, F.R.S.; that of Gambia Fever 
having been taken from a monkey inoculated in Africa from a 
native boy suffering from Gambia Fever, and that of Sleeping 
Sickness from a monkey inoculated in Africa from a case of this 
disease. 

Gambia Fever. 

Fourteen rats were inoculated with the Trypanosoma of Gambia 
Fever at intervals between December 11, 1903, when I received the 
first rat from Col. Bruce, and August 24, 1904, all of which are 
dead. In each case the Trjrpanosomata were present in the blood, 
the first appearance of them there being about four weeks after inocu* 
lation : and towards the end of the disease they were present in large 
numbers. The average time between inoculation and death was 
two months and twelve days. In each case the spleen was enormously 
enlarged; there was considerable hyperplasia of the follicles, and the 
pulp was congested in varying degrees. There was also marked 
hyperplasia of the lymphatic glands, especially of those of the 
mesenteric and mediastinal areas. There was congestion of the 
liver, with cloudy swelling of its epithelium, and the same condition 
in a lesser degree was found in the kidney. In no case was there 
any paralysis, or any nervous symptoms, except that just before death 
the animals became heavy and apathetic. Post mortem the capillaries 
of the brain contained large numl^rs of the organisms. 

Sleeping Sidnm. 

Three rats were inoculated on December 1, 1903, from a monkey 
which had been brought home by Col. Bruce from Africa after inocu¬ 
lation with cerebro-spinal fluid from a case of Sleeping Sickness. At 
no time were any Trypanosomata found in the blood of these rats^ 
even after it had been oentrifugalbed post moeim. One rat bebamo 
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paralysed in both hind legs on May 12 , 1904, and died on May 93 ; 
the second became paralysed similarly on August 2, and died on 
August 30 ; and the third became paralysed on August 28, and died 
on September 8 . On mortem examination no nuked-eye lesions of 
any organ were found, and the spleens were not enlarged. The blood 
was citrated and centrifugalised, and the organs were mashed and 
washed with normal salt solution and centrifugalised, but in no case 
were any Trypanosomata found. Portions of the extracts of liver, 
spleen, and spinal cord were injected into other rats, btit up to the 
present these show no sign of illness. In the mashed spinal cord of 
each of these rats the characteristic Trypanosomata wore found in 
small nunil>er 85 but none were found in the brains which were examined 
in the same way. The three rats were of the same kind, black and 
white; and the youngest of the three died first and the eldest last. 


( 1 ) These experiments go to show that the two diseases—Gambia 
Fever and Sleeping Sickness—from which the organisms were obtained, 
are distinct; the duration of the diseases, the symptoms, and the 
poet rrwrtem appearances being qtiite different. 

It is evident that these two organisms are quite separate and distinct, 
as their different effects on similar animals indiattes; moreover, they 
are also morphologically distinct when grown in similar animals, that 
of Gambia Fever being longer, generally larger, and more easily 
stainable than the stumpy, large-vacuoled, l>adly staining Trypanosoma 
of Sleeping Sickness. 

The fact of the clinical observation that Gambia Fever not infre¬ 
quently appears to terminate with all the symptoms of Sleeping 
Sickness may quite possibly be explained by a double infection. For, 
in both rats and monkeys the one Trypanosoma does not interfere 
with the other, but the more active organism—that of Gambia Fever in 
the cases of rats and monkeys—kills in about the same time, whether 
inoculated before, with, or after that of Sleeping Sickness. 

( 2 ) There can be no question, from the above experiments, of the 
suBoeptibility of the rat to the Trypanosoma of Sleeping Sickness. 

( 3 ) These experiments show that the inoculation of the Trypano¬ 
soma of Sleeping Sickness into rats gives rise to no obvious symptoms 
for many months, nor are Trypanosomata discoverable in the blood by 
microscopic examination. But, after a period of from six to nine months 
paraplegia occurs, leading to the death of the animal; and post mortem 
tSiB organisins are found only in the spinal cord. The organisms ore 
thus in rats, os sometimes in man, entirely confined to the nervous system; 
whereM in monkeys they are, in my experience, always generalised at 
4 pmh period of the disease. 
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Addmdmit Janmry 19, 1905*—The three rats inoeulated on August 
30, 1904, with extract of spinal cord have become paraplegic: one on 
December 14, 1904, one on January 2, 1905, and the third on January 
11, 1905, No Trypanosomatp. have been seen in the blood of these 
afiimals, and, apart from paralysis of the hind limbs, they show no 
signs of ill health. 

The spinal cord shows {unceboid forms of the Trypanosomata in its 
tissue, and a considerable cellular exudation around the vessels ; this 
lesion Dr. Mott found to be characteristic of cases of human Sleeping 
Sickness, and it is not found in monkeys, which have been the animals 
principiilly used in experimental work on this disease. 


Further Histological Studies on the Localisation of Cerebral 
Function.—The Brains of Felis, Oanu, and Sus compared 
with that of Homo''* By Alfkei) Waltbh Campbell, MD, 
Communicated by Professor SHEttiUNOTON, F,H.S. Received 
December 3,1904,—Read January 19,1905. 

(Abstract.) 

The present study is founded on an exhaustive oxaminutiou of the 
cerebral cortex of Felk Cairn familtaris^ and Sm emmunu, 

conducted on lines similar to those followed in the original work. 

A recurrence in the lower mammal of distinctive types of cortex, 
akin to those recognised in the human brain, has allowed a subdivision 
of the surface into the following areiw :— 

Crucial or motor; postcrucial or sensory; parietiil; visual; ecto- 
sylvian; limbic ; rhinic; extrarhinic ; frontal. 

By a study of the distribution of these areas many functional 
analogies and structural homologies, previously unknown or mis¬ 
interpreted, are made clear. 

Oi'udoX or Motor Area, —Giant cells of Betz characterise the motor 
cortex, but these elements appear not to be so highly specialised in 
/Stw as in Fdis and Cmi$. Such cells reside in what we may call the 
cruciate zone, and it is maintained that this field is functionally and 
morphologically akin to the motor area, as definecl by Professors 
Sherrington and GrUnbaum in the anthropoid ape, and by myself in 
man. It is held that a small indentation, called the compensatory 
ansate ” sulcus, and the sulcus coronalia are respectively interchange¬ 
able with the upper and lower constituents of the primate fissure of 
Bolando, chiefly because they, like the fissure of Rolando, limit the 

* This paper U an addendum U> the work presented to the KoTal 6ooi«fty ia 
Novemher, 190S (see ' Prooeedings,’ vol. 73, p* 438). The eomplete work wiU he 
published shortly in full hy the oiunhridge Bniverfity Press, by aid of a suliei4r 
from the Royal Society. 
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motor area on the parietal Bide. In man and the man-liko ape^ an 
unnamed but constant fissuret, sittiated on the paracentral lobule, 
immediately below and in front of the upper extremity of the fissure 
of Eolando, is looked upon as the homologue of the sulcus cruciatus, 
Ftsml Showing how greiitly the lower mammal relies on 

sight in the contest for survival, quite one-sixth of the brain surface 
is allotted to visual cortex. Architecturally it is astonishing how 
closely the hunnin plan is followed. The lessons in homology learned 
are, that the “ true calcarine ” fissure (Elliot Smith’s nomenclature) of 
lower mammals is the antecedent of the anterior calcarine fissure or 
“ stem ” of Horiyi^ that the intercalary sulcus does not develop into 
the calloso-marginal of man, but undergoes retrograde changes, that 
the posterior calcarine fissure may continue as such, and that the 
suprasplenial sulcus of Oank and Feli^ (the so-called “ lateral suloua 
of Sus) is the derivative of the human fissura extrema of Seitz (the 
Simian “ sulcus intrastriatus lateralis ”). The research throws no- 
light on the problem of the “ Affenspalte,” 

Posknmal or Sensory Area ,—The poatcrucial or sensory field forms 
a morphological bufibr to the crucial or motor, and is maintained to be 
the homologue and analogiie of the postcentral area in primates. 

Lobiis Pynformis and Hippocampal liegion ,—The variations in distribu¬ 
tion of the different types of cortex found hereabouts are contrasted in 
the microsmatic and macrosmatic brain. 

TJmhic Area ,—It is found that types of cortex akin to thoso 
recognised in man are repeated in the lower mammal. The genual 
fissure is taken as the homologue of the calloso-marginal. 

Parietal Area ,—Histology suggests that this field is the forerunner 
of the parietal area in Harm, and that its cortex is older, in the sense 
of phylogeny, than frontal cortex. Support is given to the assumption 
that the lateral sulcus, as seen in most mammals, is the antecedent of 
the intraparietal sulcus of primates. In Sm^ the so-called “supra- 
sylviaa ” sulcus is really the lateral, the true suprasylvian sulcus being 
both placed at a lower level and rudimentary. 

E(i)syhmn Region .—Out of the ectosylviaa region of lower mammals 
is developed the^ sylvian region, including the insula, and much of 
the temporal lobe of primates. A small field investing the so-called 
fissure of Sylvius of lower mammals appears to be the analogue of the 
“ audito-sensory ” area of man and the homologue of the transverse 
temporal gyri. From this as a basis important deductions can be drawn. 
Frontal Lobe ,—The types of cortex which characterise the frontal 
lobe in man are not represented in lower mammals. 

Some General Conclusions ^—The stability of the architectural plan of 
imy given field of cortex is directly related to the phylogenetic age 
ol cortex an<l to the importance^ as a means to survival, of the 
ftmetiou it subserves, 

2 0 
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The human brain shows signs of having expanded more decisively 
in some parts than in others, yet that expansion, if we except the 
visual and olfactory areas, has been general in kind. 

By super-imposing on our cerebral plans drawn from naked-eye 
inspection others giving the results of histological examination, this 
as a preliminary to the final localisation of function by the physiologist 
and workers in other departments, all existing doubt on various 
homologies may be removed. 


Exterior Ballistics.—‘ Error of the Day/ and other Corrections to 
Naval Range-tables/’ By Professor Geokge Fokbks, F.R.S. 
Received December 19, 1904,—Read January 26, 1905. 

One of the most common problems that meet artillerists is that of 
correcting for retardation caused by air-resistance, this being propor¬ 
tional to the air-density. The published range-tables, as calculated for 
any type of gun with given weight and form of shot, and given 
charge of powder, are based on trials with different elevations when 
the range and time of flight are measured directly. The range-tables * 
are calculated from the experiments by making corrections for muzrie 
velocity and for air density. The problem now before us is to find a 
simple rule for deducing from the published range-table another 
range-table with a different air-density. 



Abtcisito repretent rsng«i. 

Ordiaates repretent elsrsttons. 

FP' UM« elerafeioii* at normal air 

QQ' „ with air density increased 10 per cent. 

Qi* • it OF, Q'F « * OF'. ' 

The solution of this problem, lor flat trajectories at least, is 
extremely neat when stated geometrically. Dmw a curve in which 
abscissie are ranges and ordinates are the elevations of the raiige4iAls^ 
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To draw a similar curve for air-density increased in the ratio m : 1 
proceed as follows:—From the origin of co-ordinates 0 draw straight 
lines to points P, F, etc., on the range-Uble curve. In these lines take 
points Q, Q', etc., so that OP/OQ ^ OP'/OQ' ^ etc. === m. Then the locus 
of Q is the new curve. 

Stated verbally the rule is :—To make a range-table for x per cent, 
increase of air-density (or x per cent, increase of retardation due to 
diameter and weight of shot), diminish each elevation and correspond¬ 
ing range by x per cent. The elevations thus found are correct for 
the ranges thus found with the new air-density. The time of flight 
is diminished by x per cent. The remaining velocity found in the 
range-table is the same for the new range-table at the altered range. 

Adopting the usual notation for exterior ballistics— 

X is the range in feet; V is the muzzle velocity. 

C - wjnd^ 

w ^ weight of projectile; d = diameter of projectile. 

n a constiuit depending on form of shot and air-density. 

Vi = remaining velocity. 

t\) w velocity at the vertex of trajectory. 
i time of flight; ~ elevation. 

Certain functions of velocity have been calculated and tabulated. 
These are S (v^), T (r), 1) (r ); and the following are three well-known 


equations:— 

«(V)-^ . (1). 

From this we find r, from the Uibles; 

i^C{T{\)^T{Vi)} . ( 2 ). 


Taking T (V), and T (vi), from the tables, we know t, 

Now it is always assumed that for elevations up to 15'' the vertex 
of trajectory is reached in half of the time of flight. Hence 

whence we find vo from the tables, which also give us the values D (V) 
and D (i7o) the third equation 

i>^Cp{Y)-D{vo)} . (3). 

If the air-density be now increased in the ratio m to 1, and we use 
letters with accents for the new conditions, 

C' -ii- « ^ . 

mnd'^ tn 

Let tw find the elevation for a range X' where 

r « x/fn. Then X7C' - X/C. 


2 G 2 
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Thus in (1) X'/G *» X/C, and V is unchanged. Therefore vy remain* 
unchanged, or And in (2) t'/i^ c'fc^ljm; or f ^ijm. 

Also V{)* is found from the equation 

T (./„) = T (V) - = T (V) - M = T (»„). 

Therefore f/o 

Again, in (3) 

f ^ C' \D (V) - D (,/o)} == C' {D (V) - D (%)} = ^ . 

O 7)1 

It appears then that if the air-density be increased wi-fold and the 
range diminished m-fold, the elevation and time of flight must be 
diminished w-fold, but the remaining velocity is the same. 

The above is founded on Niveii^s formulse, but those of Siacci and 
Mayevski load to the same result. 

Another important correction is that of muzzle velocity, which 
depends upon ago of gun and on temperature and nature of explosive. 
If there were no air-resistanco the ordinary form nice tell us that the 
elevation for any range varies inversely as the square of the muzzle 
velocity. I find empirically, by comparison of range-tables based 
on experiments with different muzzle velocities, that the same law 
holds over a very considerable range of muzzle velocities up to 
elevations of 10” at least. This has been tested with the Naval guns 
of 13*6 inch, 12 inch, 9*2 inch, and 6 inch diameters. 

We can now subject these two laws (air-resistance and muzzle 
velocity) to a very severe test. Take the Naval range-table for 12-inch 
B.L. Gun, Mark IX, with an 850 Jb. shot and muzzle velocity 
2433 feet per second and from it calculate (by the two laws above) 
a range-table for the 6-inch Q.F. gun, Marks III, IV, and VI, with a 
100 lb. shot and muzzle velocity 1960 feet per second. 

To do this, note that the ratio of 

Diameters 12^ 100 1 

Weighf 62 850 * O'lYOg* 

Hence we must multiply the ranges and elevations of the 12-inch goii 
by 0*4706. Wo must further multiply the new elevations by 1*540, 
the ratio of the squares of muzzle velocities. The following table 
shows the results, and a comparison with the data for the 6-inch gun 
from the Addenda to Naval Kauge-Tables, and the differences 
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!From range-tables, 
12-mch gUT). 

M.V. - 2483 f 

CalonUted, 

6*inoh gun. 

M.V. 1960 f .9. 

From 
addenda 
elevation for 
new 
range. 

Diffei^nco. 

Bange. 

Elevation, 

New range. 

Elevation. 

Elevation, 

yards. 


yards. 




2000 

1 1 

941 

0 M 

b *15 


4000 

2 10 

1882 

1 34 

1 38 1 

-4 

6000 

3 87 

2824 

2 87 

2 89 

-2 

SOCK) 

G 26 

3765 

3 56 

3 64 

+ 2 

10000 

7 38 

4706 

5 28 

6 24 

+ 4 


It need hardly be «aid that the agi*eement is sufliciont for all 
practical purposes. 

An additional fact, of considerable practical import/irico, is that there 
is a very simple approximation to the true correction for elevation duo 
to air-density, obtained by taking it as being a constant multiplied by 
the product of elevation and range, and perconttige variation from 
the normal air-density. The constfiiit varies with the type of 
gun and with full, or half, charge; but remains the same for 
all ranges. Thus with^'the 6-inch gun, Mark VII, the correction 

at full charge is ^ and at half charge it is 

^ 1 , 000,000 » ^ 

* Curiously enough the same formula, with a 

l,dsOv,OOU 

different constant, gives the correction, at all ranges, to the elevation, 
due to rate of change of distance during the time of flight of the shot. 

These empirical laws, combined with the muzzle velocity law 
already mentioned, have led to the design of a most simple arrangement 
of gun-sights corrected for the individual error of the gun due to 
wear, and for the error of the day due to temperatures of cordite and 
of the air, and to barometric pressure, which can be worked by the act 
of using the range-finder, and automatically corrects for time of flight 
with changing range. 










Mr. S. 1). Chalmers. 


[Jen. 8' 


m 


■*' The Theory of Spumetrioal Optical Objectives.—Part 11.” By 
S. D. ChalmkUvS. B.A., St. John’s College. Cambridge. M.A. 
Sydney, Communicated by' Professor Laemor. Sec. E.S. 
Eeceived dannary 3,—Head January 26. 1905. 

As regards the defects which depend only on those terms in the 
characteristic function T. that were examined in Part I,* the results 
of that paper would justify the practice of correcting a single coni- 
pOT»cnt-—the hack one—for astigmatism and spherical aberratiorj, 
proAided due attention be paid to the securing, at least approximately, 
of the condition foi' no distortion. 

But for the values of aperture-ratio and angular field, that ohtain 
in practical systems, the terms of higher orders iti T introduce 
important aberrations, and it is interesting to examine how far the 
conclusions stated in Fart I‘*‘‘ arc justified in the case of practical 
systems. 

Tu most cases the discussion can he oifected l>y the use of geometrical 
relatit>ns, it being assumed—jva is generally the ease in practice—^that 
the Mto|» is well within the focti.s of the single lens and that its virtxial 
image, formed by either component, is near the actual position of the 
stop. 

In the first place we consider only those rays which lie wholly in 
one plane. In fig. 1, (6) is the focal plane of the back component, 
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(2) the plane of the stop, (3) and (4) its images vrith respect to the 
front and l>ack components, and (1) the plane symmetrical to (5) ; P and 
Q are two points on the stop equidistant from the centre, a and h two 
parallel rays through these points, c and d another pair of parallel ray a 
through these points ; the intersections of these rays with the pianos 
1 , 3, 4, and 5, being as, etc. The ray d is chosen so that 

is parallel to then by symmetry it is evident that CjCg ia 
pfirallel to aia^. It is also evident that the planes 3 and 4, being 
images of 2 , are in every way similar; bonce they are the principal 
planes of the whole system, and the focal plane of the combined 
system is mid^way between 4 and 5. Let the various rays intersect 
this plane in A, B, C, and I). 

The curvature error* of the combined system can be measured by 
CA, less the effects duo to spherical aberration, whore CA evidently 

^ i (mi - 

but, since ^ 4 ^^, is parallel to 

CA = ^ " 1 " Cf/fr,) — ^^4^4 — ^ 4 ^ 4 )!, 

Thus omitting effects of spherical al>erration in l>oth cases, it vt 
evidont that the curvature error fm’ an angle w and aperture angle 
2 flt is the mean of tiie curvature errors for the single system for the 
angles (wo-f ia),aud M^here co-ci^, represents the angular 

v^alue of the distortion of the single lens, togctlier with the portion of 
i (A 4 C 4 - which is not common to all angles. 

When- the meridianal astigmatic curve is drawn as usual—the focal 
lengths being unreduced and the abscissoj representing angular field— 
the ordinatos for the combined system will bo onedialf of those for 
the single system, subject to the corrections from terms corresponding 
to i (^4 

To appreciate the value of the latter expression draw through P the 
rays a, d, symmetrical to a and d with respect to the axis, then b 4 C 4 - 
a^ 4 «=C 4 a\-C 4 d' 4 j and since the angles between 1 and a, and c and 
are equal, this quantity will, in general, Ixj small when the stop and 
its image are close together. 

To examine the spherical aberration let l>e parallel to the axis, 
also parallel to the axis, then and hih^ are also parallel to the 
axis (fig. 2). The spherical aberration of the whole system is 

DB ^ {br^df, -* ^ 4 ^ 4 ); 
hut C 4 a 4 

therefore DB » ^ {rr,(4 4- - (c 4 ^i + . 

* Thin term t» used for the defect due fco the peraliel ireyi through Pand <J 
oat iuteiSoctitig on the focal plane, the effects of spherioal aberraUon being allowed 

pr* 
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Thus, if the single system be corrected for 8|dierioal aberration and 
curvature, the apherioal aberration of the combined system is given by 
J {cj ^4 -f aidi). It is evident that this quantity will also be very small. 


Fio. 2. 



These results can be extended to the case of rays which do not lie 
wholly in one plane. It will be assumed that the image of the stop 
formed by one member is perfect, the errors thus introduced being of 
the same nature as those discussed before. 

Let PQ and llS (fig. 3) be two diameters of the stop, their image 


Fi0. 3. 



points in the plane 4 being ; let parallel rays a and b pass 

through Pi and qt respectively, and let the axial plane parallel to them 
cut plane 6 in OE; similarly parallel rays c and d pass through u and 
^4 and are parallel to the axial plane which cuts 5 in OF. 

It being assumed that these pairs of rays intersect on the focal 
|daue 5, the rays a and b will interseot on OB, say at K, and 
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< and d on OF at F. Through E draw EG parallel to RS, cutting OP 
in 6. Now the rays a 5 c and d can be chosen bo that EG GF »* ^PQ. 
It is now evident from the figure that Fr^ is parallel to £^4 and that 
Fh 4 and intersect in k on the plane mid-way between 4 and 5, which 
is the focal plane of the combined system. 

But by symmetry the rays h and c in the second medium correspond 
to a and d in the first; hence the parallel rays a and d intersect on the 
focal plane of the combined system, but as KS is inclined at any angle 
to PQ all other rays parallel to a and d will also intersect at the same 
point. 

Thus we have shown that, subject to the errors introduced by the 
want of correspondence of the stop and its image, the combined system 
is completely corrected for astigmatism, curvature of field, and spherical 
aberration, provided the l)ack component is so corrected. This want of 
correspondence introduces some slight errors, but in practical systems 
these are almost negligible. 

These conclusions accord very well with the dexiuctions made by 
Dr. W. Zschokke, from the results of calculating the paths of rays 
through the various Ooerz double symmetrical lenses. 
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Note on the Cause of the Period of Chemical Induction in the 
Union of Hydrogen and Chlorine.'' By D. L. Chapman and 
C. H. Bukgrss, Demonstrators in Chemistry in the University 
of Manchester. Communicated by Professor H. B. Dixox,. 
P.K.S. liecoived »January 14,—Head January 26, 1905. 

The induction period, which, in certain circumstances, is observed 
when a luixture of hydrogen and chlorine is exposed to light, has been 
commonly attributed to the preliminary formation of an unstable 
intermediate com]x)und. The authors have for some time held that 
this view docs not accord with the observed facts. This contention is 
confirmed by recent experiments, which have established that the 
phenomenon in question is due to the presence in the gas (or in the 
aqueous sohitioii in contact with it) of substances capable of reacting 
with chlorine. 

At an early stage in the investigation it was proved that the 
retardation of chemical action tlid not depend on any condition of the 
hydrogen, thus making it only necessary to consider the condition of 
the chlorine itself and of the other substances immediately in contact 
with it. 

Water, and particularly solutions of salts in water, possess the power 
of rendering active chlorine inactive towards hydrogen. On long 
contact with chlorine in the presence of light, or on boiling with 
chlorine, these solutions lose this property even after subsequent 
removal of (he chlorine by exhaustion. Numerous experiments have 
recently been made in order to find out if these solutions recover their 
power of rendering chlorine inactive, and it has been found that the 
only metluxl of effecting this is 1>y the introduction of substances 
which react with chlorine. Of the compounds investigated the most 
efficient to use for this purpose is ammonia, minute traces of which are 
capable of prev enting the action between hydrogen and chlorine for a 
period of time many times longer than had been previously observed. 
Sulphur dioxide acts in the same sense as ammonia, but it is more 
'eiisily removed on exposure to light. 

It has lasen hitherto supposed that an active mixture of hydrogen 
and chlorine, after standing in the dark for several hours, returned to 
its original i!motive condition. If this were really the case it would be 
an objection to the view that the induction period is due to the presence 
of impurities. By the employment of a quartz actinomoter we have, 
however, succeeded in showing that no decay of activity takes place 
and, after keeping the mixture for days in the dark, the gases immediately 
combiuo on exposure to light—without any period of gradual 
acceleration. 
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** On the Modulus of Torsional Eigidity of Quartz Fibres and its 
Temperature Coefficient” By Fhank Horton* D.So., B*A., 
St. John's College, Cambridge, late Mackinuon Student 
Communicated by Professor J. J. Thomson, F.E.S, Eeceived 
December 15, 1904,—Bead January 26, 1905. 

[Abstract.] 

The author recently had the honour of reading to the Society the 
results of Homo experiments in which a new method of timing by 
means of “ coincidences ”—a method devised l)y Professor Poyntiiig— 
was applied to nti investigation of the effects of changes of tempera¬ 
ture on the mmlulus of torsional rigidity of metal wires. It seemed 
desirable to repeat similar experiments with quartz fibres, seeing that 
now they are almost universally employed as suspensions in torsion 
instruments where accuracy is required. 

The fibres experimented on wore prepared from different crystals of 
quartz, and care was taken in their manufacture so as as to obtain them 
free from air bubbles and of circular cross-section. The investigation 
was divided into three parts: 

(1) The determination of the absolute value of the torsion modulus. 

(2) The variation of the mo<iuIus over a range of temperature from 
15" a to 100" C. 

(3) The ^'ariation of the modulus between 20" C. h!k1 1000" C. 

In the determination of the absolute value of the modulus, it is 
necessary to find the radius of the fibres used. The method adopted for 
this purpose consists of raoiisuring the circumference of the fibre by 
rolling a small length of it between two fine glass capillary tul)es and 
counting the number of revolutions it makes in travolliug a distance 
of 5 mm. With practice, this method was made to give very 
good results; a fibre of diameter 0*001 cm. bcii»g measured to 0‘01 
per cent. 

The results of experiments on six fibres gave numljers for the 
modulus of rigidity in very good agreement, showing that the rigidity 
of quartz is practically constant, and does not vary in different speci¬ 
mens as in the case of met<d wires. The moan value obtained for the 
modulus of rigiclityat 15" 0. was 

3*001 X 10^^ dynes per sq. cm. 

The results showefl that this value is intlependent of the longitudinal 
stress to which the fibres are subjected* so long as this is not greater 
than that which they are usually required to l)oar when used as mis- 
pensions in measuring instruments. 

In the second part of the research, observations were made oh 
several fibres at temperatures approxima^ly 15" C., 35" C.* 56" C., 76" G,, 
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and 100** C. In evely caae the modulus of rigidity was found to increase 
aa a linear function of the temperature, but the values obtained for 
the temperature coefficient of the modulus were considerably different* 
The mean value was+ 0*0001235, but the experiments show that this 
is far from constant in different specimens of quartz, its variations being 
much greater than those of the modulus of rigidity itself. It was 
found that the fibres became slightly more rigid as time went on, the 
rate of increase of rigidity being greater at the higher temperatures. 
This is probably due to a gradual annealing of the fibre, the annealing 
consisting in an easing of the structure from contraction strains. 

In addition to the determination of the periods of torsional vibra- 
tion, observations of the logarithmic decrements of the amplitudes of 
the oscillations were taken at each temperature. Fibres were also 
made to vibrate in an atmosphere of hydrogen, and the logarithmic 
decrements wore again observed. From the values thus found, and 
the known ratio of the viscosities of air and hydrogen, a measure of 
the internal friction of the fibre was ol^tained. It was found that the 
internal friction of the fibres was very small, only about 2*5 per cent, 
of the observed logarithmic decrement at JS" C. being duo to that 
cause, and that it remained roughly constant when the temperature of 
the fibre was raised from 15" C. to 100" C. 

A series of observations was taken to ascertain the manner in which 
the logarithmic decrement, and the torsional period varied with the 
amplitude of vibration, amplitudes lietweeu 14' and 10" being used. 
It was found that both the logarithmic decrement and the torsional 
period remained constant within these limits. In this respect quartz 
differs from metal wires, in which it was found that both the internal 
friction and the period of torsional vibration increased with the 
amplitude of oscillation. 

In the experiments l)etween 20" C. and 1000" C. the fibres used were 
rather thick and were suspended inside a platinum tube which Tvas 
heated electrically, and which could be maintained at any desired 
temperature. Observations were taken at intervals of about 50* C., 
and the temperature of the tube was obtained by means of a thermo- 
^junction of wires of platinum and rhodo-platinum. It was found that 
the modulus of rigidity of the fibre increased with the temperature, at 
first as a linear function of it, but as the temperature rose the rate of 
increase gradually diminished, atid a maximum rigidity was attained at 
al)OUt 880* C. After passing this point the rigidity decreased very 
rapidly with increase of temperature. 

The internal viscosity of the fibres increased with the temperature at 
a rate which was at first small and constant, but after about 650* C. it 
became much more rapid. At 1060* C. iko internal friction of the fibres 
was so great that the torsional vibrations were nearly dead-beat. 
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" On the Influence of the Time Factor on the Correlation between 
the Barometric Heights at Stations more than 1000 Miles 
apart.” By F. E. Cave-Browne-Cave, Girton College, Cam¬ 
bridge. Communicated by Professor Kaul Peaksok, F.E.S, 
Received June 3, and in revised form, December 20,1904,— 
Read June IG, 1904. 

1. An investigation of the relationship of the daily barometric 
heights on both sides of the Atlantic Ocean has i)een in progress for 
some years, and in a preliminary note by Professor Pearson and 
myself* some account was given of the contemporaneous relatiouahip 
of a chain of stations from the extreme north of Norway down the 
west coasts of Europe and Africa. Observations for this east side of 
the Atlantic have now been copied for twenty years, as far as stations 
are available from Norway to the Cape, and the only need here is more 
aid in the very laborious reductions necessary before any inferences can 
be drawn. A similar chain of stations from Nova Scotia to the 
Falkland Isles has been completed, with the exception of Brazil, from 
which, 80 far, wo have boon fildo U) obtain no data whatever. 

2. It seemed desirable, before entering on the cross Atlantic corre¬ 
lations, to obtain a better conception of how the time factor influences 
the intensity of correlation. For this purpose two stations, Wilmington 
and Halifax, seemed specially appropriate. They are both on the East 
Atlantic coast, the one in North Carolina and the other in Nova Scotia. 
The results obtained for these stations afford an illustration of the 
manner in which the theory of correlation cun he used for the purposes 
of meteorological prediction. In a imper published in 1898,t Professor 
Pearson and Dr. Lee indicated that the proper way to deal with the 
pressure relationship l>et ween two or more stations was to proceed by the 
method of correlation; and they illustrated this by the simultaneoug 
correlations of various stations in the British Isles. The corresponding 
simultaneous correlations for stations from Norway to Sierra Leone were 
given by Professor Pearson and myself in the note already referred to* 
The object of the present paper is to illustrate this method of correlation ^ 
as applied to prediction, the fundamental points being (a) the choice of 
two stations which, although far apart, have a considerable correlation 
with at least 12, and if possible, 2i hours’ interval; (h) the determina¬ 
tion for any two stations of the interval for which the correlation is a 
maximum. If the practical meteorologist is accustomed to predict 
roughly the barometric condition at a station A, from stations B, C, 
and D, then, if he has observations for twenty years or more for these 
stations, modern statistical methods place him in a position to choose 

• * Koy* Soo, Ptoc./ vel. 70, pp. 466-i70. 
t *PhU. Trtau.; A, rol. 190, pp. 
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the best intervals between the readings in order to find, from the 
anterior observations at the fonr stations, the moat probable barometric 
height at A on a given day, and the most probable error of this esti* 
mate. They thus supply a means of giving to his predictions a greater 
precision than is at present attainable. It should also be remembered 
that, although the present paper only deals with barometric observa¬ 
tions, the same methods could bo applied to temperature, or to any 
other of the quantities with which meteorology is concerned. 

In order to show that the relations between the two stations mainly 
considered in this paper are not due to purely local conditions, corre¬ 
sponding investigations have been made for two stations in the Southern 
Hemisphere, St. Helena and Cape Town. Although the shortness of 
the period (1893-98) for which observations taken at St. Helena are 
available, prevents these results from being as fully reliable as those 
obt4uned for the North American stations, yet they are suflScient to 
show the genend nature of the pressure relationship 1 between the two 
places, and the influence of the time factor. 

The latitudes and longitudes, and hours of observation are as 
follows ;—* 

Halifax, 44^ 35' N., 63" 40' W.; 9 A.M. 

Wilmington, 33“ 14' N., 59' W.; 7 A.M. up to June 30, 1888, 

afterwards 8 A.M. 

Cape Town, 34“ 0' S,, 18“ 35' E.; 8 a.h. 

St. Helena, 15“ 57' S., 5“ 40' W.; 9 A.M. 

This gives an arc of about 15“ 51', or about 1090 miles between 
Halifax and Wilmington, and 28“ 18', or about 1950 miles lietween 
Cape Town and St. Helena. Roughly speaking, Halifax is north-east 
of Wdinington, and Cape Town south-east of St. Helena. 

The twenty years of the data for Halifax and Wilmington were 
divided into two decades, 1879-88 and 1889-98, and the summer and 
winter months (equinox to equinox) were dealt with separately. As 
was pointed out in the previous note, there is a marked difference 
Iwtween the summer and winter results, and two ten-year periods were 
desirable for mutual control. It soon became obvious that the summer 
and winter time factors wore different in character, the interval for 
tnaximum correlation being considerably shorter in the summer. The 
numbers obtained indicate that change of pressure passes from 
Wilmington to Halifax, from south-west to north-east, and thus it 

* The Canadian Meteorological OfRoe kindly ittperintended the copying of the 
Hslifax and other Canadian data, the eoet of which wa» defrayed by Frofeseor 
Peamon j the Hmitheonian Institution profided the copies of the Wilmington and 
other United States data; the readings for Cape Town we owe to the medimtimi 
of Dr. W. K. Shaw, who piocured them from the Cape Meteoroiogiool Committee, 
the ooet of oopying them heing defrayed by a grant frdm the Corenunent Oiwnt 
Committee of the Boyol Society. 
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ifl desirable to take Wilmington earlier in order to predict for Halifax 
later. For the southern pair of stations there is the same kind of 
difference between the summer and winter results ; this seems to indi- 
cate that the phenomenon is really connected with the season, and does 
not depend on influences external to the Earth, since the summer for the 
-first pair is the winter for the second. Moreover, it is found that for 
the two southern stations the change of pressure passes from north-west 
to south-east, so that in predicting we ought to take St, Helena 
-earlier than Capo Town. The following tables give the correlations 
obtained 


Table I.—Correlation of Ihiromctric Heights at Halifax and 
Wilmington. 


Interval 

between 

readings,* 

Siimraer, 

1879—1888. 

Winter, 

: 1879—1888. 

1 

1 

Interval 
between : 
readings, j 

Slimmer, 

1889—1898. 

Winter, ; 
1889—1898.; 

i 

hre. 

-118 

4-0-0686 


hrp. 

-110 

-0 0134 


- 94 

4-0*0606 

— 

- 95 

-0-0247 

1 

- 70 

+ 0*0068 

+ 0*0406 

- 71 

-0*0141 

+ 0*0612 

- 46 

+ 0*1891 

+ 0*0879 

- 47 

+ 0*0418 

+ 0*0598 

- 22 

+ 0*2885 

+ 0*0416 

' - 23 

+ 0*1742 

+ 0*0420 

4- 2 

+ 0*8482 

+ 0*2878 

i + 1 ; 

+ 0*8038 

+ 0*2456 

•f 26 

4-0 ‘8714 

4 0 *6208 

: + 26 

i +0*3143 

+ 0*4701 

+ 60 

+ 0*2176 

+ 0*2844 

1 + 49 I 

+ 0*1638 

+ 0*2263 

+ 74 

+ 0*1188 

+ 0*0842 

; + 73 1 

+ 0 0581 

+ 0*0839 1 

+ 98 

+ 0 *0810 

+ 0*0342 

: + 97 

+ 0 *0160 

+ 0*0786 

4-122 

+ 0*0881 

+ 0*0217 

1 +121 1 

-0*0060 

+ 0 0881 I 


Table II.—Correlation of Btirometric Heights at Cape Town ami 
St. Helena. 


Interval between 
reaclings.t 

Bumnier, 
18»8—1898. 

Winter, 

\ 1893—1898. : 

lire, 

-97 

+ 0*2202 

+ 0*2898 

-73 

0-2278 

+ 0*2470 

-.49 

+ 0*2620 

+ 0*2405 

-25 

+ 0*8461 

+ 0 *2919 

- 1 

+ 0*4478 

+ 0*8927 

+ 28 

+ 0*4468 

+ 0*4606 

+ 47 1 

+ 0*8484 

+ 0*4081 

4-71 

+ 0 2908 

+ 0*8409 

+ 96 

4 0*3088 

+ 0*3180 

+ 119 

+ 0 *2060 

+ 0*2786 


* PoRitiv« when th« retding is tideen later at Halifax, 
f Positive wlieii the reading is taken later at Cape Town. 
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3. It seamed desirable to determine the intervals for which the corre¬ 
lation between each pair of stations is greatest, and also the values of 
these maxima. After some consideration, the curve 

log y - + aix + (i^x- + ttgOJ® + 

was selected as likely to give a reasonable interpolation result,* the 
axis of y l:)eing that of the correlation, and x being the interval, in 
days, l>etweeu the readings, counted as positive when the observation 
is taken later at the more easterly station in each case. The curves 
are not intended to represent the complete correlation data, but they 
have been used as convenient empirical methods to find in position and 
magnitude the maximum ordinates. For this reason only five correla¬ 
tions were used for calculating each curve, namely, those given in rows 
5 to 9 of Table I, and rows 4 to 8 of Table II. The following curves 
were determined ;— 

Wilmington and Halifax, 

Summer, 1879>--1888 
logio?/ 

« -.0-477451 +0-]61608^-0*062808j;‘-^- 0*058772^:8-f0-0U994ar^. 
Maximum ordinate : 0*3877 at a; ~ 0*7275, ie., 17*46 hours. 
Summer, 1880—1898:— 

logioy 

« 0*624510 4- 0*175661J - 0*122239.r2 - 0-040868:*:® + 0‘012096ic*. 

Maximum ordinate : 0*3386 at z ^ 0'r)862, i,e,, 14*07 hours. 
muter, 1879—1888 
logic y 

- 0*592740 + 0‘647374;i: - 0*3004703:2 - •054822;r8 + 0*021968®*. 
Maximum ordinate: 0*6272 at x ^ 0*9663, i.e,, 22*92 hours, 
mnier, 1889—1898:— 
logic y 

- 0*634964 + 0-615614® - 0*258629®2 - 0*073287x8 -fp*025021x*. 
Maximum ordinate: 0*4721 at x =* 0*9674, Le., 23*22 hours. 

St. Hklkna and Cape Town. 

Summer, 1893—1898:— 
logic y 

-0*346171 4-O*O63222x~OO64491x«-O‘O11993x34-0‘OO6497x*. 
Maximum ordinate; 0*4660 at x 0*4618, «.<?., 10*84 hours. 
mntei-, 1893—1898:— 

logic y ‘ 

- 0*400900 + 0*119383x 0*039277x8 -- 0*022393x8 4'bO0e580x*. 
Maximum ordinate: 0*4596 at x 0*9994, ic., 23*986 hours, 

* Iho nuggcctioii is due to Mt. W. Pallu Ilderfcon. 
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4. It therefore appears that the maximum correlation betweto 
Halifax and Wilmington in the summer occurs when the baromete'r at 
Halifax is read about 16 hours later than that at Wilmington, and that 
the corresponding interval for the winter is about 23 hours. The 
intervals for St. Helena and Cape Town are about 11 hours and 
24 hours respectively. Some caution may be necessary in accepting 
the values obtained for the summer intervals, since it is possible that 
the diurnal variation may affect the correlation; this point could only 
be settled by means of observations tiiken at other hours of the day. 
This effect of the diurnal variation, if it really exists, may conceivably 
(wcourifc for some part of the difference between the intervals obtained 
for the summer months of the two decades for the American stations. 
Nevertheless, it seems reasonable to conclude that, in order to predict 
the barometric height at Halifax at 9 A.M., it is desirable to use the 
reading taken at Wilmington at 10 A.M. on the previous morning in 
the winter, while in the summer the Wilmington reading should be 
taken at about 5 r.M, 

Diagram I (next page) shows the interpolation curves used. 

5. The physical interpretation of these intervals for which the 
correlation is a maximum, is not obvious to me, although it may 
possibly be so to practical meteorologists. Of course, the intervals, 
11 to 24 hours, are too short to be looked upon as corresponding 
to the transfer of an actual disturbance between the stations. Even if 
this were not the case, they could not give the average intervals 
between the arrival of the same isobar at the two places considered, 
since none of the pressures correlated may Ije alike. I should l>e glad 
to see the point adequately treated by one with practical meteoro¬ 
logical experience, and will merely remark hero that the correlation 
depends not upon equality of pressure, but up<jn proportionality 
of deviations from the local means. A full explanation must aJb^ 
account for the fact that the winter and summer relations differ in a 
very marked way, 

6. Another point which seemed to deserve investigation was the 
correlation between the daily rise or fall of the barometer at Halifax 
and Wilmington. This investigation would have involved considerable 
labour if it had been necessary to proceed by the direct method of 
preparing tables of the daily rise or fall, and then calculating the 
correlationB from them. The work has been considerably lessened by 
the use of the following method, which is due to Professor Pearson, 

Let a;i be the teazling on one day and that on the following day ai 
the first station, Zx and a?./ the corresponding readings at the second 
station after any interval. Let mu toa, mi\ be the mean% 
ri', <r 2 ' the standard deviations, the correlation of and 
that of and rm l^hat of xi and and so on, and M that of 
and {Xi - values of (»i - a^) and will 

2h 
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'xiotqtvSixoo 

clearly be mi-w® and - rec|)eoiively. Hence, if N be 4b# 
jkum^r of pairs correlated, and if S denotes sumtnaticmi we Jk#iii?e ^ 
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^ "" -^2) (^^1'"_ 

^ {{xi - x^) - liki - nh)} ^ Js {{xi - ,r./) ~ (w?i' - )] ^ 

Q’lQ'iVn^ - Vav - + ^2Q’2V2a\ 

v/(o-j2 -f- (To'*^ ™ 2(riO’2?ia) (<ri'- + o-p ^ 2(ri'(r2ri>2) 

It may be noted that this formula would apply to any case in which 
it was desired to correlate the difference of one pair of quantities with 
the difference of another pair. If wc were not dealing with the summer 
and winter months separately, we should have, with sufficient approxi* 
mation, 

crj = 0 - 2 , <ri' - (To', riv ^ ^ 22 , 

since the quantities included in the Xi and the groups would be the 
same, with the exception of a single reading at each end of the perifKl 
considered. The formula would then take the simple form 

K = . . ^ . (ii). 

2v/(l-n2)(l-»i-) 

But in our case the xi and x.> groups differ l>y a reading at each 
equinox of each year considered, and it was therefore decided to use 
the accurate equation (i), although (ii) would have been sufficient 
to give A good idea of the correlation. 

In order to use this formula, it was necessary to calculate the corre¬ 
lations between the barometric heights on consecutive days at Halifax 
and at Wilmington. Table III gives these correlations, and Table IV 
gives the correlations between the daily rise at the two stations for 
various intervals. 


Table III.—Correlation of Barometric Heights on Consecutive Days. 



Summer, 

Winter, 

Summer, 

Winter, 


1879~1«88. 

1879-1888. 

1889—1898. 

1889-1898. 

JWilia . 

0*6924 I 

0*3998 

0*6166 

0-4270 

Wilmington . 

0 *6161 

0*4827 

0 *6610 

0-4816 


The most noticeable fact which appears from these results is the 
analogy between them and the space relations considered in the 
previous note. In that case we found that with increasing distance 
the correlation diminished to a negative minimum, and then began to 
increase; and the negative correlations obtained were of considerable 
magnitude. This does not seem to occur for the time relations when 
the actual readings are considered; for, although the values given in 
Tables I and II seem to indicate that a minimum has been reached, the 
only negative eorrelations which have been found are so small as to bo 

2 H 9 
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Table IV.—Correlation of Daily Bise at Halifax and Wilmington. 


Interval 

between 

readings.* 

Summer, 

1879—1888, 

Winter, 

1879—1888. 

Interval 

between 

readings. 

Summer, 

1889—1898. 

Winter, 

1889—1898. 

hrs. 



lirs. 




-0-0071 


-96 

-0-0849 

— 

-70 

-0*0801 


-71 

-0 0640 


-40 

, -0*0298 

-0 '0166 

-47 

-0*0899 

+ 0*0241 

1 -82 

; -0 0107 

-0*2162 

-28 

+ 0*0084 

-0*2047 

! + 2 

+ 0*0960 

+0*0183 

+ 1 

+ 0*1460 

-0 ‘0200 

1 +26 

+ 0*2268 

+ 0*4676 

+ 26 

+ 0*2048 

+ 0*4868 

1+50 

-0*0669 

-0 *1206 

+ 49 

-0 ‘0776 

-0*0960 

+74 

-0*0919 

-0*0901 i 

+ 78 

-0 *0638 

-0 *1227 

‘ +98 

-0*0891 

-0*0367 ! 

+ 97 

-0*0199 

-0*0200 


of very little significHnco. But it does occur in a very marked way for 
the time relations when we correlate the daily rise at the two stations. 
This analogy strengthens oiir belief that the intervals of maximum 
correlation are of great importance from the standpoint of atmospherical 
physios, and our desire to see the practical meteorologist's explanation 
of the matter is correspondingly increased. 

7. The magnitude of the correlations which have been found to 
exist l»etween the readings on consecutive days at Wilmington and 
Halifax, suggests the possibility of predicting l)arometric heights at 
the latter station with a fair degree of accuracy from the heights 
observed at Wilmington on the previous day. In the paper by 
Professor Pearson and Dr. Lee already referred to, a table is given 
showing the barometric heights at Btonyhurst on 50 days, calc^dated 
from the simultaneous readings at Southampton and Laudale. The 
difteronce l>etween the calculated and observed heights at Stonyhursb 
was small in every case, the moan value being about At that 
time no correlations had beeiv calculated l>etween observations taken 
on different (hiys; but the values now obtained make it possible to 
apply the theory to actual prediction. In predicting for Halifax from 
a single station more than 1000 miles away, we are naturally unable 
to obtain such good results, but, on the other hand, we have the 
advantage of calculating the probable heights at Halifax a day before¬ 
hand. In order to see how far the prediction is verified, forty ejatee 
were taken at random, one in summer, and one in winter for each 
year. It was impossible to allow the best intervals, 16 hour* in 
summer, and 23 in winter, as we do not possess readme fot 
Wilmington taken at the required times, and the predictions hav4» 
therefore, been made with the interval of 26 hours for the first 10 ywwi^ 
and 25 for the second. 

* Positive when the reedingt we takan lator at HaUfwt. 
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Table Y gives the means, standard deviations, and regression 
eoefficients which were employed in the calculations. 


Table V.—Barometric Constants for Halifax and Wilmington, 


Station and season. 

Mean. 

Standard 

deviation. 

■ 1 

Kegression. | 

Halifax, summer, 1879—1888 . 

Wilmington, do.. 

Halifax, summer, 1889—1898. 

Wilmingtun, do. .. 

Halifsx, winter, 1879—1888 . 

Wilmington, do. .... 

Halifax, winter, 1889—1898 . 

Wilmington, do. ..i 

29'%42 

SO 046 
29*870 

80 *085 
29*882 

80 *162 
29*868 

80 *168 

o'*24461 
0-1490/ 
0*22161 
0*1487/ 
0*84461 
0*2047 J 
0*3436\ 

0 *2104 / 

1 

0*6096 

0*4681 

0*8764 

0 *7678 


The corresponding prediction etjuations are as follows, if denote 
the probable height at Halifax corresponding to a height W observed at 
Wilmington on the previous day. 

Summer 1879—1888 . « 11*527+ 0-6096W. 

Summer 1889—1898 . H;, « 15*787 +04681W. 

Winter 1879—1888. Ep - 3*457+ 0*8764W. 

Winter 1889—1898. - 6*713 + 0*7678W. 

These results bring out clearly the marked difference between 
summer and winter, which has already been shown in the case of the 
correlations. But in both ciises there is also a difference between the 
two decades reduced; this is partly due, no doubt, to the fact that 
the Wilmington observations wore taken at different hours in the t^o 
decades, but this would not account for the whole difference, which 
has been found also in dealing with other stations. It may be due 
to variations corresponding to those of random sampling; or it may 
indicate a gradual change, whether periodic or progressive, in the 
physical constants involved; and this question can only bo settled by 
dealing with observations extending over a longer perii^. 

The rosidts of the predictions are shown in Table VI. 

The theoretical mean error «« 0*7979cr 

« 0*175 for summer and 0*239 for winter, 

tf^dng tiie mean summer and mean winter values of a and r for tiie 
decodes. These theoretical errors are slightly larger than tto 
aettial mean errors for the forty random dates here considered. We 
i^ooid presumably improve the predictions by taking the interval for 
ih» correlation is a maximum; but even without this improve- 
t^e degree of accuracy attained, though not very great, might be 
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Table VL—Comparison of Predicted and Observed Heights at 
Halifax. 

A, Snmmr MonUlis. 



Pro. 

di('U‘d 

height. 

Obrervinl 

diffcrtMioe. 

! 

Date. 

Pre¬ 

dicted 

height. 

OlMicrred 

difiTerence. 

J une 30, 1879 .. 

29 *738 

-0 152 

; May 8, 1889.. 

29 *844 

+ 0-0X7 

Aug. 17, IHHO .. 

29 -930 

+ 0*204 

April 20, 1890.. 

29 *848 

+ 0*246 

April 1881.. 

29 *789 

-0 *080 

July 1, 1891... 

29 *771 

+ 0-120 

July 4, 1883 ... 

29*782 

+ 0 117 

j Aug. 12, 1892 ., 

29 ‘876 

-0*061 

8^pt. 16, 1883 ..i 

1 29 *922 

1 +0*035 

i Sept. 7. 1898 ... 

29*881 

+ 0*030 

April so, 1884 .. 

29-808 

-0 *300 

1 June 9,1894 ... 

20*902 

+ 0*021 

Jun» 14, 1885 .. 

; 29 *891 i 

-0*033 

July 8, 1896,... 

29 *782 

-0*064 

March 31. 1880 

i 29 *853 

+ 0 *235 

April 20, 1896 .. 

29 *842 

+ 0*886 

May 10,1887, 

20 *991 

+ 0*163 

May 13. 1897... 

1 29*875 

+ 0*086 

July 20, 1888... 

29 *924 

+ 0*152 

1 June 17, 1898 .. 

j 29 *897 

-0*117 

Mean ermr .. 

*• 

0 *148 

M ean error.. j ., 

0*111 


B, U'inkr 


Bate. 

^ - - - - 

Pre¬ 

dicted 

height. 

Observed 

dift'orenei'. 

Bale. 

Pre. 

dieted 

height* 

Obeerred 

difference. 

Doc. 25,1870... 


-0-300 

IVor. 10, 1889. .. 

20 -922 

+ 0-194 

Oct. 1, 1880.,,, 


+ 0*190 

Jau. 5, 1890..., 

BO *126 

+ 0*128 

Not. 25, 1881... 

29*602 

+ 0-068 

Oct. 28, 1891. .. 


+ 0*069 

Feb. 2), 1882... 

29*951 

+ 0*158 

Feb. 14, 1802... 

20*888 

-0*240 

Jan. 11,1883 

29 *593 



20-786 

-0*240 

Sept. 30, 1884 .. 

29 *824 



29 *924 

+0*146 

March 7, 1880.. { 

29*894 

+ 0*117 


29 *718 


Peb. 1, 18.S6.... 

29*646 

+ 0*190 


29 *730 

-0*426 

Deo. 9,1887.,.. 

29 *898 


Fob. 26, 1807... 


+ 0*211 

Not. 2,1888.... j 

80*108 

-0*004 

Kov. 9, 1898 

30*114 

+o-(a9 

Mean error.. 

•• 

0*168 

Mean error., 

■ 

0*169 


sn^cient to bo of service in practical meteorology. Still better results 
could probably l>e obtained by making the prediction for one station 
depend upon observations at two or more other stations, so situated as 
to give suitable intervals for maximum correlation*; and it may also 
bo desirable to take into account the height observed on the previous 
day at the station for which the prediction is required, for the results 
given in TaV)le III show that in some cases, at any rate, there is a 

* It would ho of Httlo use to predict for interrsls of <mly 5 or 6 hcmr») at Issst 
^ hours would bo doeirable, if thi» doet not mabo it neeoMarr to tabs dManees in ■ 
{(rest as teriouelj to weaken the correlation. 
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correlation between the barometric readings on successive 
days at the same station. Moreover, it is possible that the correlation 
I>etween the daily rise or fall at different stations might give better 
results for prediction than the correlation between the actual heights 
observed; but what has already been done is sufficient to indicate the 
manner in which modern statistical methods may aid the meteorologist 
in this part of his work. As regards the more fundamental, though 
less immediately useful, task of meteorological science, the intervals of 
maximum correlation, a few examples of which have been considered in 
this paper, will, I believe, be found ultiinatel}^ to be of importance in 
relation to the physics of the atmosphere. Although considerable 
labour is involved in the calculation of these intervals, even for a 
single pair of stations, yet the increase of theoretical knowledge which 
would result from an adequate investigation of the manner in which 
they depend upon local conditions, and upon the positions and 
distances of the places considered, would prol)a1>ly l>e amply sufficient 
to justify the labour expended upon the matter. 

8. The conclusions to be drawn from the results given in this paper 
are as follows:— 

(i) The correlation between the barometric readings at two stations 
upwards of 1000 miles apart depends upon the interval between the 
readings. In the case of Halifax and Wilmington, the correlation is 
sensible for at least 9 days, and it reaches a maximum for an interval 
of a1>out 16 hours in summer and 23 in winter. For these stations, 
and also for St. Helena and Cape Town, the observation at the more 
easterly station should be taken later for maximum correlation. 

(ii) The^e is a considerable correlation between the daily rise at 
Halifax and Wilmington, and this correlation changes with the interval 
in a manner somewhat analogous to that in which the correlation 
between simultaneous heights at two stations approximately on the 
same meridian depends upon the distance between them. 

(iii) There are considerable differences between the summer and 
winter correlations, and these differences are of the same general 
nature for both pairs of stations considered. 

(iv) It is possible to predict the barometric height at one station 
frmn an earlier height at a second station more than 1000 miles away* 
with a fair degree of accuracy, the mean observed error for forty dates* 
tcdseti at random, for Halifax and Wilmington, being 
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” Ob the Drift produced in Ions by Electromagnetic Diaturbaneea, 
and a Theory of lladio-activity.” By Geobgk W. WAiaCKH, 
A.E.C.Sc., Fellow of Trinity College^ Cambridge, 
Lecturer on Physics in the University of Glasgow. Commu¬ 
nicated by Professor A. Gkay, Eeceived December 16, 

190-4,—Bead January 26,1905. 

Some time ago I showed^ how the equations of motion of a free ion 
under the influence of a harmonic train of plane waves might be 
completely integrated, subject to the restriction that the viscous effect 
of radiation from the ion may be neglected. 

The equations are closely analogous to those for a simple pendulum, 
and by following out the analogy in the case where the pendulum 
makes complete revolutions, it is easy to show that while the passage 
of a complete wave restores the initial velocities of the ion, its position 
in space is altered. This change of position cannot \m accounted for 
entirely by the change due to velocity which the ion may be assumed 
to possess before the wave reaches it. 

The continuance of the waves thus involves the result (hat the ion 
must continue to change its position in space. It will thus appear to 
move in a definite manner which can be determined in terms of the 
initial circumstances of the ion and the constants of the train of waves. 
The result is very remarkable, and is not confined to an infinite train 
of harmonic waves. Similar results follow in the case of any form of 
electro-magnetic disturbance propagated in a straight line. 

I propose here to discuss Ac case of a plane polarised disturbance 
propagated in a straight line. Let the electric force be X » Xof(yt - ») 
where V is the velocity and s the direction of propagation. Associated 
with this we must have a magnetic force M«Xo/V /{Vf-«) in a 
direction at right angles to that of X. If m be the inertia and e the 
charge of the ion, the equations of motion may be written 

^ f (X sM), 
wy « 0 , 
mi « +arM. 

We may thus confine attention to the motion in the x» plane. Wo 

have 

* - 

• * Boj. S«o. Brae.,' roL 09, p. 8»4> 'BhU. MigV toL p. «S7. 




Didutimusis, ^ 


4$ 


Jb we take a moving origin so that V<-»«fcthen f.^wiHbe 
distance of the ion from a plane moving with the diatorlMQcet and 
reckoned positive in the direction from which the waves come, ^he 
equations then take the form 


« X« 
mV 


t/(0. 


Thus in general 

+ _ const, 

is an integral; it indicates that the energy of the ion relative to the 
moving origin is constant. 

We also get 

where a is a constant, 

We may note that if the disturbance is such that 


fV(C)^f=o, 

then the original value of x is restored, when f« fi, and hence also the 
original values of ^ or x? on account of the equation of energy. 

Let US now take a simple case so that 


/(O 1 0 to 

/(f)-0 „ d „ d + l, 

/(f) „ d + l „ 

/(f)- 0 „ 2d+l „ 2d^2K 


4ind thereafter let the form of disturbance recur. 
From f 0 to f « d, we have 


Eenoe 


cXo > 
eXo 








i. 




cXo„. 

mV*’ 


and = a*+c*, 

whare a and..{i; are the ioitial values of 3: and 
We also get 

-«*+»*• 

during the first pulse the ion desoribes a circle centre 
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-^a) and radius angular velocity 

\e^ eX^ / eXo 

It will leave the first ptilse with velocity given by 

A = o + ~^rf, i = + + |\ 

a ad describe a straight line until it reaches the second pulse, 
During the piissage through the second pulse we have 


so that 


I ^ _ _L 

^ “ wV 

a‘2 + 




Fig. 1.—Diagram to iUiistrale the path of the ion. 
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Thufi the ion will describe a circle of the same radius as before with 
the same angular velocity, but the curvature is now in the opposite 
direction and the centre is different. The ion leaves the second pulse 
with velocity (a, r), and proceeds in a straight line. The path is 
shown in the diagram (1). 

We now calculate the time taken to travel from (==0 to f2/-f 2(/, 
and also the displacenioiit. The simple character of the path enal)Ies 
us to do this easily. 

If we denote eXiJmY by w, the time, T, is givep by 


T - 


2 f . .1 




} 


+'+ 


C y- ~h Or 


I _ 

{il + f * 


Now, Hence the displacement of the ion from its 

original position, iji the direction of the waves, is 

5 - VT .-2(Z + c/). 


The displacement in the direction of x is 




4. 4 ^ 

<' s! c- 4 “ \il 4 <adf 

Let us now consider two particular cases. 

Case L—The ion was originally at rest. Hence a 
Neglecting and higher terms, we get 


* =• V? (A^i+iO- 


0 and c ^Y. 




Thus, if the impulses recur, the iou will appeal* to travel in space 
with velocities which are approximately 


d-« J wd and 


(d 41 

V 6 (rf +l) ' 


It will thus appear to drift on in the direction of the waves.* 


♦ These era aUo the mifan faluea of the tnie relocitic* x and i during a com¬ 
plete pulte. I wish to emphaeixe tho fact that if wo could obaerre the iou juat aa 
it leavee the pulae it will again be at reat if it was initially at reit, but ita poidtiou 
U altedred. X rtiall therefore refer to tlieae aa apparent velooitieff. 



418 Mr G. W. Walker. On the Drift product in [Dec. 16, 


Case II.—Let ± 
Thence 
In thia case 


-1 w and z ^ 0 initially, 
a and c ^ "V. 


5-^-- q.p. 


V2 


gdf q p- 


* ic « 0 exactly. 


Thus the apparent velocities are 

X ^ Q exactly, 


j d 


Thus the ion will seem to move in the direction from which the 
impulses come. It is worth while to note that the x velocity 
vanishes, and so the ion will drift backwards without altering its a; 
co-ordinate. 

In both these cases the initial circumstances are such that the ion 
succeeds in getting through the first pulse. It will be seen that the 
initial circumstances can be so chosen that it fails to do so. This, how¬ 
ever, involves the result that at some point of the circular path ^ « 0, 
or in other words that the ion is moving with the velocity of the 
waves. Now the equations break down before this point; but the 
mult may be held to indicate that if the ion is originally moving in 
the direction z with a velocity a little less than V, it may, so to speak, 
be picked up by the waves and carried forward with the velocity V, 

These cases are sufficient to illustrate the general feature, and it may 
be noted that the apparent x velocity is an odd function of the charge e, 
whjle the z velocity is an even function of the charge. This last result 
lea^ us to expect that even a neutral molecule made up of positive 
and negative ions will also be made to drift in the direction in which 
the waves are travelling. 

We thus arrive at the conclusion that the propagation of plane 
polarised disturbances through a portion of space containing ions 
involves drifting of both positive and negative ions which may be with 
or against the direction of propagation according to the initial ciromn- 
stances. Since the z motion does not depend on the orientation of the 
plane of polarisation, similar results must follow for unpolarbed 
^sturbanoes. 

The restoration of the initial velocities relative to the fixed or%iti, 
after the passage of what we may call a complete pulse, shows that no 
energy (relative to the fixed origin) is permanently abstracted,by 
ions, although during one portion of the pulse energy is abstracted 
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which is exactly restored during the remaining portion. If, however, 
we take account of radiation from the ion, this will no longer be the 
oaso. Energy will be definitely abstracted from the pulses and radiated 
away from the ion. In this case the passage of a complete pulse no 
longer restores the original velocities unless the energy absorbed by 
the ions is radiated away before the pulse has passed. This will not, in 
general, be the case. Hence, even if radiation be taken into account, 
there must still be a drifting of the ions. Indeed, the general effect of 
the radiation will l>e to give the ions real velocities instead of what I 
have called apparent velocities. 

These results seem to me to have an important bearing on the theory 
of Kbntgen rays and of the action of radio-active suljstances. We may 
regard a radio-active substance as the origin of electro-magnetic 
disturbances nidiated outwards. Those may ionise the gas in the 
immediate vicinity of the substance, and we shall then have a streaming 
of positive and negative ions and probably also of neutral molecules, 
both outwards from the substance and inwards to it. This view is 
quite in agreement with the apparently material character of part of 
the radiations (indeed it would explain it), but it does not require the 
supposition that there is a continual diminution of the radio-active 
substance. 

The question arises whether the velocities sot up in the ions are of 
the order that experiment indicates. If the impulses radiated are set 
up by collisions of ions in the active substance, it appears to me that at 
least in the immediate vicinity of the substance, the velocities set up 
may be comparable with the velocities of the ions which produced the 
impulses. 

The velocity of the material particles in the radiations from active 
substances are comparable with V. It will thus bo seen that the theory 
suggested here requires that tad should be comparable with V. Now 
0 ) is the angular velocity with which the ion described the circular 
path in passing through the pulse, and is thus the measure of the 
frequency of the vibrations set up in the ion. If d is of the order of a 
wave length of visible or ultra-violet light, then w must Im of the order 
of the frequency of vi8i})le or ultra-violet vibrations. Hence the 
theoiy requires that associated with the impulses we should have 
visible or ultra-violet light. I think it must be admitted that this 
is in harmony with the experimental evidence on ionising agents 
generally. Per contra we may argue that if any system is an origin 
from which electromagnetic pulses of great intensity are radiated, we 
shall have associated with these, in its immediate vicinity, streams of 
ions moving with great velocities, and trains of waves which may be of 
such frequency as to como within the visible spectrum. Thus the 
distinotion between bodies ttims on the cliaracter of the impulses, and 
is a difference of degree rather than of kind. 
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Another interesting point ia raised by these results. In free space 
the propagation of waves in a straight line is quite independent of any 
statical electric or magnetic field. But if the waves are propagated 
through a part of space containing matter, the streaming of the ions 
produced by the waves seems to lead to the conclusion that the 
propagation of the waves is no longer iiulependent of the statical 
electric and magnetic field, and aberration must result. 

In conclusion, I wish to express my great obligation to Professor 
Gray, who has discussed these results with me and read the paper with 
very great care. 

[Note added Janm-nf 30.—^Lord Kelvin has expressed the view that a 
radio-active hotly may in some way extract energy from the aether and 
again radiate it. Professor and Madame Curie have also suggested a 
possible abstraction from the surrouiiding gas. The results obtained 
hoi'e support such views and indicate in some measure how such a 
process of selection may go on.] 


** 1 )n the Ultra-Violet Spectrum of Gadolinium.’** By Sir WiLUAM 
('HOOKES, D.Sc., FJI.S. Received December 8, — Read 
December 15,1904. 

(tadolinium oxide is a rare earth, occurring l>etween yttrium and 
saimirium. It Wiis discovered in 1880 by Marignac, and was at first 
called by him Ya, a designation which he soon changed for gadolinium. 
ISince Marignac’s time much work has been done on this earth by 
Lecoq de Boisbaudran, Bettendorf, Clove, Benedicks, Marc, Demarejay, 
Exner and Haschek, Urbain, and others. 

In the spring of this year, M. G. Urbain gave me some gadolinia 
and other rare earths, which he had prepared in a state of considerable 
purity by means of a novel system of fractionation in which use is 
made of the crystallisation of double nitrates of bismuth and magnesium 
with the rare earth nitrates. He finds that bismuth places itself 
l>etween the ceric and the terbic groups, thus sharply separating 
samarium, the last member of the ceric group, from europium and 
gadolinium, the first members of the terbic groups. I have for some 
time past been fractionating rare earths by Urbain’s method, and can 
quite corroborate what he says. 

The ultra-violet spectrum of gadolinium has been measured hy 
Exner and Haschek, who hare published their results in a book, 

[s A plate of the ffpeotnun to which this communication refem will, it la hopsdi be 
publiahed in another places] 
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** WellenliLngen^Tabelien fiir Spektralanal 3 ^ische Untersuchttngen,”* 
These observers used a material prepared by Dr, L. Haitinger, in which 
they say holmium, samarium^ and yttrium were present as impurities* 
They give wave-lengths of 1150 lines; I have found them to be as a 
rule very accurate, and in the maps accompanying this I have adopte<i 
most of their wave-lengths, except in cases where my own measure¬ 
ments give different figures, or where lines given by them are not 
to be distinguished on ray photographs. In some cases also luies 
ascribed to gadolinium appear to be caused by other earths as 
impurities. 

My photographs were taken by means of the apparatus described in 
my paper “On the Ultra-Violet Spoctnrm of Eadium.”t The arrange¬ 
ment is the same as there adopted in the maps of the radium spectrum. 
The upper half of each strip shows the iroji lines used as standards, 
with their wave-lengths according to Howland’s latest measurements. 
The lower half contains the gadolinium lines, with their wave-lengths 
re-calculated or verified from the iron standards, according to the 
method given in detail in the paper just quoted. Other lines, the 
wave-lengths of which are written in red ink, are either platinum lines 
or lines due to traces of impurity in the gadolinium oxide. These are 
very few, and their faintness speiiks ■well for the accuracy with which 
M. Urbain has separated other earths from the gadolinium, for in my 
experience I have seldom found a so-called “ pure salt of an ordinary 
metal anything like so free from impurities us this earth proves to be. 
Moreover, it must not be taken as certain that some of the impurities 
assumed to be present on the strength of a strong line are really there, 
because in some instances I have not been able to detect the presence 
of another equally characteristic line of the same impurity. 

The rare elements allied to gadolinium, or occurring with it, which 
I have thus found to be present, are:— 

Yttrium, represented by the lines at... 3774*61 and 4177‘68, 

Europium „ ,, ,> 3972*16,4129*90, and 4062*08, 

Samarium „ „ „ - 3230*66. 

Ytterbium „ „ » ••• 3289*52 and 3694*36. 

jBcandium. ,, „ n ••• 3572*71,3613*96, and 3630*86. 

The other elements which are present are— 

Bismuth, represented by the line at .. 4259*86. 

Magnesium „ „ lines at . 2796*62 and 2802*80. 

Calcium „ „ „ . 3933*81 and 3968*60, 

Of these, -the bismuth and magnesium are present from the salts 

• F. Dsuticks. Leipsig and Wien, 1902. 
f ' Roy. So«. PwMJ.,' rol. 72, p. m., Aug., 1903. 
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used in the fractionation,* while calcium is represented by the great 
H and K pair, which are almost always present in earthy spectra. 

I have also examined the phosphorescent spectnun of TJrbaiu’s 
gadolinium by means of photography. In 1886 I communicated a 
paper to the Koyal Society,t on the visible spectrum of phosphorescing 
y« (gadolinia), given to me by Marignac, and also prepared by myself, 
and later in the yearj I said that the gadolinium I was then working 
with showed, on the evidence of its phosphorescent spectrum, the 
presence of samarium and other impurities. Since that time I have 
used the photographic method of examining phosphorescent spectra, 
and in 1899 I brought before the Eoyal Society,§ a preliminary notice 
of a new element, Victorium, the existence of which I was led to 
infer from its chemical properties, and from some bands in its phosphor¬ 
escent spectrum. These bands consist of a strong group high up 
in the ultra-violet spectrum, having wave-lengths of 3117—3120,. 
3060, 3064, and 3219. 

The specimens of gadolinia prepared by myself in 1886, as well as 
that sent me by Marignac, gave these victorium bands faintly, and the 
gadolinia given me by M. Urbain also showed the same bands in 
greater strength than the other linos and bands I have ascribed to 
samarium and yttrium. Early this month M, Urbain has sent me a 
8|.)ecimen of gadolinium which he considers quite pure, and on testing 
it in the vacuum tube for its phosphorescent spectrum I find the 
victorium bands photograph stronger than they came out in the other 
specimen. At the same time I do not think that victorium ia 
gadolinium. All the evidence from chemical and phosphorescent data 
tends to the conclusion that victorium is only present as an impurity 
in the gadolinium, and the strength with which it reveals its presenco 
is mainly due to the excessive delicacy of the test. 

* In a still purtsr specimen from M. Urbiuu, recently reoeired, these impurities 
are absent. 

t * Boy. Soo. Proc./ vol. 40, p. 236, Fob., 1886. 

t * Soc, Proc./ vob 40, p. 508, dune, 1BB6. 

§ * Roy. Soo. Proc.,* toI. 66, p, 287, May, 1899. 
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“ On. the ‘ Blaze-currents' of the Gall Bladder of the Frog.” By 
Auck M. Wau.kk* Communicated by Augustus I). Waller, 
M.l)., PMI.S. Received December 1,1904,—Read January 26, 
1905. 

(From the PhysiologieiU Research Laboratory of the University of London,) 

This investigation is a continuation of Dr. Waller^s work on the 
electrical responses to stimulation exhibited by animal and vegetable 
living tissues, which responses he has designated “ Blaze-currents.”* 

I have employed the method already descril>od by him at length, in 
the University Series of Lectures entitled “ Signs of Lifo.”t 

After examining many tissues and organs from the frog and cat, my 
attention was directed particularly to the liver of the frog, which one 
would naturally expect to display signs of activity ; not obUining very 
large responses from the liver, 1 tested the gall bladder, and to my 
surprise, observed large electrical variations which occur regularly and 
without fail, and may bo noticed as long as 24 hours post imrtmi 
ranee. 

The frog is killed; the liver and gall bladder are taken out and 
placed on a glass plate; unpolaiisable electrodes are applied to the 
liver or gall bladder. The electrodes are always jireviously tested, and 
are made so that they give no response to electrical stimulus. 

The liver is found to give antidrome currents except when the 
electrodes are placed one on the surface and one at the hilum; in this 
case the responsive current runs from the surface to hilum. 


Excitation by Single Break Induction Shocks from Berne Coil. 
Liver (March 9). 


Strength of exoitation. ReiponBo. 

Coil at 5000 + gave - 0*0006 volt. 

— „ 4*0*0003 ,, 
10000 - „ 4 - 0*0010 „ 

4* „ -0*0013 „ 


Liver placed between electrodes 
with under surface upwards 


• *Fhil. Trant.,'B, voL 194, p. 184, December, 1900 j Boo. Froc./ toL 08, 

p, 79, January, 1901. 

t 'Signs of Life/ published by John Murray, 1903, for the Unirersi^ of 
Loudoo. 

VOL, ixnv, 2 1 
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lAver (March 24). 

Strength of excitation. Response. Sleotrodes. 

5000 - +0*0010 10000+ - 0*0001 

,, + --0*0009 » - O'OOOl 

r 10000+ -0*0013 +0*0002 

+ 0*0022 


Lim\ 


5000 +0*0047 

Response 


, Electrodes 

+ +0*0053 

surface 


+A // placed on 


to hilum 


/ surface 




and hilum 

1 hour later— 


Mmmmm 


10000+ - 0*0047 

+ 0*0002 



- +0*0047 

-0*0003 




Liver (May 7), 


5000+ « 

- 0*0008 

+ 0*0004 

- 

+ 0*0005 


+ 

- 0*0009 

+ 

10000 + 

-0*0018 

+ 0*0004 


+ 0*0018 



Remaining and slowly sub* 
aiding. 


The gall bladder invariably gives an autidrome “ blaze " or response 
to excitation ; it is an instance of the equivocal blaze current, in the 
contrary direction to the exciting current, described by Waller in 
vol. 68, p. 79, ‘Proc. Roy. Soc.* Weak stimiilus elicits one antidrome 
blaze; to stronger stimulus the response may be triphasic ; antidrome, 
homodrome, antidrome. The first and antidrome response is a large 
effect and soon over, the galvanometer spot flies off and quickly 
returns to zero and beyond, indicating the second and homodrome 
eflfeot, which is a prolonged change lasting about two minutes and slowly 
subsiding, the second effect is often larger than the first. 

The blaze is a local effect, as shown in experiment on March 22, 
where it is abolished l>y strong tetanus at one ajxjt, but found to persist 
in other parts on turning the bladder round. 

The blaze is abolished by boiling the gall bladder or by subjecting it 
to strong chloroform vapour, or by tetanus. 
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Gall Bladder, Experiment of March 3, 1904. 

Excitation by Single Break Induction Shocks from Berne Coil. 
Strength of excitation. Response. 

Coil at 1000- gave + 0 0012 volt. Gall bladder had a piece of liver 



M + 

II 

- 0*0037 

under it 


3t + 

It 

-0*0080 

Gall bladder placed freely between 


It ■“ 

tt 

+ 0*0000 

electrodes 

Shunt } 

» 

It 

+ 0*0073 



It + 

It 

- 0*0080 



tt + 

It 

-0*0060 



t» + 

tl 

- 0*0020 



It 

tl 

+ 0*0012 



5000- 

II 

+ 0*0040 



II + 

tt 

-off 

+ off 

Shunt jV 

It + 

It 

-0*0123 

+ 0*0030 

Shunt 

10000 + 

It 

-0*0133 


Shunt xV 

tl 

tt 

+ 0*0033 

- 0*0026 + 


It ^ 

It 

+ off 

-off 


II “ 

It 

+ 0*0033 

-0*0046 


tt + 

It 

-0*0250 



1000 + 

It 

-0*0003 



It 

tl 

Nil 



5000- 

It 

+ 0*0020 



„ + 

It 

- 0*0030 


Shunt 1 

It + 

It 

- 0*0026 



It ■“ 

If 

+ 0*0016 



10000 - 

tt 

+ 0*0030 



tt + 

ft 

-0*0026 



II “ 

tt 

+ 0*0026 


Shunt 1 

10000 + 

tt 

-0*0022 



- 

tt 

+ 0*0016 




tt 

+ 0*0011 




Gall Bladder (March 5, 1904). 

Coil at. 


Response. 

Eleotrode*. 





N.C. + 0 0006. 

S.I. 

1000 + 


-0*0008 



— 


+ off 

10000- - +0-0003 

Kiunt ^ 

II “ 


+ 0*0100 

„ + = - 0-0001 

... 


+ 0*0110 



+ 

m 

-0*0020 



2 I 2 
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OoiUie 

1000-f - 

K^flponse. 
-0*0020 
+ 0*0090 


Eleotrodet. 

5000+ - 

- 0*0090 

+ 0*0080 



+ 0*0020 

- 0*0300 

+ 0*0060 

— 

+ 0*0060 
+ 0-0080 

- 0*0080 
- 0*0030 

+ 0*0020 

- 

+ 0-0080 

- sinking 


+ 

- 0*0040 

+ 0*0080 


10000- 

+ 

+ 0*0180 
0*0272 

- 0*0060 

+ olf 


+ 00172 

- 0*0081 

+ 0*0030 

- 

+ 0*0200 

- 0*0054 

+ 0*0030 

+ 

+ 

-0*0127 
-0*0114 
+ 0*0085 

+ 0*0054 

- 0*0020 

5000 + 

+ 0*0071 
-0*0071 

-0*0015 


+ 

+ 0*0035 
- 0*0064 

-0*0014 


1000- 

+ 

+ 0*0050 
+ 0.0007 
- 0*0009 

-0*0014 



(Boiled) 

1000+ nil 

nil 

6000 -- + 0-0002 

+ - 0-0001 

10000+ -0-0003 

+ 0-0004 



Aiwtlwr Gall Bladder (March 6). 

1000+ »= -0-0006 
- « +0-0018 
6000- - +0-0091 
+ =» -0-0076 
10000+ « -0-0087 

- ■» + 0 0081 The responses are not so 
lasting as they were 

6000- +0-0064 

+ -0-0040 
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Gal) bladder put under CHClg in a glass chamber of about 1 inch 
cubic space. CHClg on cotton wool attached to top of chamber by 
modelling wax. After J hour strong chloroform vapour— 

5000- - nil 
+ nil 

Gall Bladder (March 9). 

Coil at. R«8pon»e. 

S.s. 1000+ - -0 0005 
„ - - +0*0019 
6000+ - - 


>1 ^ 

+ 0*0061 


») + - 

-0*0063 


10000+ - 

-0*0076 

+ 0*0005 

- 

+ 0*0076 

-0*0005 

6000- 

+ 0*0005 

-0*0002 

i> + 

-0*0009 


10000 + 

- 0*0016 


u “ 

+ 0*0012 



Gall Bladder (March 9). 


Cull at. 




as. 1000+ 

-0*0012 



II 

+ 0*0020 



5000- 

+ 0*0060 



11 + 

-0*0023 



1000- 

+ 0*0076 



II + 

- 0*0069 



5000 + 

-0*1110 

+ after effect then 

- 0 0020 

91 ““ 

+ 0*0110 

-0*0040 


10000- 

+ 0*0080 

Interval then 

- 0 0020. 

91 + 

- 0*0060 

+ 0*0003 



After chloroform 
6000 + 

10000+ 

91 ~~ 

Envelope examined gave no effects and looked dried up; no sign of 
blood*vesB6i usually seen. 


nil 

-0*0001 

nil 
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Coil at. 

S.s. 1000+ - 

5000 - 
+ 

10000 + 


A. Ml Bladder (March 10,1904). 

Keaporme. 

^ 0*0040 
+ 0*0100 

+ 0*0140 -0*0100 
- 0*0200 + 0*0020 
-0*0280 +0*0010 -0*0040 
+ 0*0260 -0*0060 


<rall JUmlder (March 22), 

Beaponae, Slectrodaa* 

N.C. {accidental or normal 10000 + » - 0*00004 

cnrront) « +0*0004 volt 

S.H. 1000+ - nil +0*00004 

+0*0002 

5000+ « -0*0020 +00002 

„ - - +0*0016 -0*0015 Returning slowly 

10000- - +0*0050 Returning slowly, then -0*0009 
„ + -0*0040 +0*0002 

„ + - -0*0040 

J min. tet. 

Coil at 10000+ - +0*0015 
After strong tetanus, 

S.s. 5000- - +0*0000 
10000- - +0*0003 
„ + - - 0*0001 

5000 + - nil 

Tet. „ + +0*0003 

S.s, 10000- - +0*0001 

The bladder was turned round in order to expose two fresh surfaces 
to the electrodes. 

N.C. +0*0015, decreasing to 0. 

Coil at. 

S.s. 6000 - » +0 0007 -0 0002 

10000 - - +0 0010 - 0 0001 
+ «: — 0‘0008 ““ 

5000+ - -00004 

1 mitiute tetanus 

Tetanus at 10000 + 

S.s. 10000+ - -0 0001 

„ - » + 0-0000 
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Turned round agun to spots previously tetaniaed. 

Coil at. 

8.S. 10000+ nil 


Oall Bladder (March 24). 

Coil at>. Reiiponae. 

S.B. 1000+ - -00022 

- = +0 0020 0-0007 + 0-0014 

Very slowly subsiding 

Shunt]!, - +0-0013 - 00003 + 00011 

+ - 0-00.38 

5000+ -00077 +0*0011 Bemiiiiiing, then 

falling to - 0*0011 

Ck)mp. +0*0006 - +00061 -0*0022 +0*0011 

Comp. +0*0008 10000- +0*0072 -0*0022 

„ +0*0016 + -0*0088 +0*0005 Back to zero, 

and falling - 0*0006 

After 1 houi* interval. 

10000+ -0*0069 

+ 0*0033 

Large Gall Bladder (August 3). 

Coil at. 

8.8. 1000+ -0*0024 +0*0019 Kemaining and falling to 

- 0*0010 

„ - +0*0012 -0*0027 lieturuing rapidly to 

+ 0*0006 subsiding 
slowly 

+0*0010 -0*0031 +0*0002 subsiding slowly 

„ + ^ - off. liom^iining and subsiding in 2 minutes 
„ - - +0*0027 -0*0006 +0*0019 

Gall Bladder (August 11). 

S.e. 1000+ *= -0*0009 +0*0016 Eemainin^ for about 

2 minutes - 0*0006 

- +0*0083 

+ -0*0033 +0*0060 -0*0017 

6000+ - -0*0150 +0*0033 -0*0017 

- - +0*0133 -0*0006 

10000- « +0-0070 -0*0033 Eemaining 

+ « -0*0083 +0*0033 „ 
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Photogmph of OhUranom«tev Kecowi of the BU»c-curreiit« of Ctall Bladdor. 
PeTiation of tiij tolt. 

Coil at 6000+ • --0-0010 + 0*0064 voU 
„ + --0*0010 + 00038 

In thu oasp the blasa is diphaaio^ the second phase being larger and more lasting 
than the Orst, which is ver? cliaraoterisfcic. 


At Dr. Alcock'e auggeetion I syringed out the gall bladder and filled 
it with Nad solution, 0-6 per cent, and then tested it; the effects still 
occurred in the acme order and almost same magnitude, choiring that 
they were due to action in the enveloping gall bladder itself and not 
to the bile contents. (See experiments of May 7.) 
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I am indebted to Dr. Alcock for sections of the gall bladder of the 
frog and cat which he kindly prepared for me* and to Mr. Gordon 
Webb for enlarge^l micro-photographs of the same. The gall bladder 

Fio. 2. 



Photograph of Electrometer RocKird of the Blase Currents of Call Bladder. 
Deviation of volt. 

Coil at 6000+ « -0-0000 volt. 

the frog consists of a single layer of columnar nucleated colls, and 
layers of smooth muscle fibres with connective tissue. The bladder of 
the frog is quite rotuid and the layer of columnar cells lies flat, 
whereas in the cat the bladder is a long-shaped body with the layer 
of columnar cells thrown into folds, and outside the smooth muscle 

Pio, 8. 



Section of Frog'» tS^all Bladder, ahowing Inner Kueouii Ijayer of Columnar 
BpitheUmn, and Outer Lajen of Smooth Muacle Fibre#. (Enlarged 
2S00 diameter# and Fhoto^phed hj Mr. H. Oordon Webb, Assistant 
Demonstrator of Anatomy in St. Oeorge's Hospital Medical School*) 
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fibres is a layer of connective tissue. The simplioity of structure in 
the frog may perhaps account for the large electrical changes observed ; 
in the oat's gall bladder there is little or no response to stimulus. 

Gall Bladder Washed md with Salt Solntimi and then Tested (May 7), 

Kespouse in voltago. 

Coil at 8,B. o000~ ^ 4 - 0*0020 -0*0010 

+ - -0*0003 

100004- - -0*0010 

- - 4-0-0030 -0*0006 

- - 4-0*0006 - 0-0001 

The Gall Bladder syringed out and filled nith Salt SohtUm* 

Coil at 10000+ = - off 

Shunt J + =. -0*0060 

- +0*0050 

5000 - +0*0020 -0*0006 

+ - - 0*0022 + 0*0001 

The bladder is now cut open and spread on electrode with mucous 
inner surface to A, the upper eloctroiJe. 

Coil Ht 10000 + 


Tested by Waller's ABC method/ the response at both poles is 
found to 1)6 antidrome. In some c^l 80 a the response is diphasic at 
the anode, and diphasic at the kathode, see Experiment of May 7th. 

By this method the local reactions at anode or kathode can be 
examined; C is an indifferent point at which an electrode is placed 
which has not been excited. By means of a switch key the excitation 
is made through eleetrtales at points A and B. Any initial current 
through AC is compensated if it is wished to examine A, and any 
initial current through BC is compensated if it is wished to examine 
B. It somotimos happens that AC and BC require compensation in 
the same direction and of the same magnitude, and then it is permissible 
to switch the key on to either one or the other, and examine the 
direction of the current; in the following experiments dotted lines 
signify that this has been done. 


On “ Skin Currents/ 'Boy. Sois, Proo«,' vol. 60, p. 181. 
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-off, and back to 
-f 0*0010 


-- 

- 00076 

5000- ... 

-- 


-- +0*0150 

5000 + - 

_► 

-- 

- 0-0076 


.^ +0*0020 

.. 

- 0*0006 


Changing to CA eendB it +2", and BC is found to be - 6* without 
shunt. 

5000- ---- 

-^ +0*0150 

.+0*0110 

Changing to BC lessons the + effect by 4** (shunt {) « 0*0040 

5000+-— 

--0*0045 Followed by 

+ 0*0025 
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BC - 

- OOOIO 

5000 - 

—► 

CA = 

-0*0010 

- 

* 0*0043 Changing to 

k 

BC = 

-0-0014 

10000+ —- 

• ,+ 0*0033 CA « +3* 

CA »* 

-0*0011 


- 0*0032 
+ 0*0003 
.^ +0*0003 


After the effect -3'^ (0*0032) has passed off, I utishunt and find 
that with no shunt BC + 3“ CA » the same S'" 4* 



+ 0-002H 
. *0-0090 


Changing to CA suddenly, the same defiectiou persists, l>nt soon 
falls to - Changing to BC brings the spot to 0 

10000 -- 

CA - +0-0020 -- +0 0015 

BC« *0-0005 10000 -...- 

CA - +0*0020 ---0*0015 


On taking off the compensation, + 0*0020, and changing to BC, spot 
returns to 0 and goes - 4'' 

10000 ,-- 

CA +0-0018 --0-0015 


Amtiier Gall Bladder^ 


6000- 
Shunt J „ - 

>1 + 
10000 + 

(First effect quickly 


+ off - off 
+ 0*0078 -0-0005 

-0*0042 +0*0052 

-0*0063 +0*0060 

over, second effect slowly subsiding.) 


+ 00078 -0-0011 


Coil at 6000 


BOA Besponsd* 


+0*0050* --O-OOil 
* 0*0011 


+ off 


*0*0017 
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of the Gall Bladder of the Prog, 


B 

0 A 

Kesponte. 

Coil at 5000 - 

1 ' 


+ off -0-0009 

1 \ hour later— 

5000+ - 

^ - 

-off 

+ 0*0017 No after effect 

0*0020 Slowly subsiding 

+ off 

Shunt J + 

* 0*0016 

+ 0*0042 

5000 ^ ~ 

+ 0*0068 

+ 0*0002 -0*0004 


*-0*0008 - 


After 0 changed to BC -- ••0*0015 and return to 0 

terminalB - 0*0009 —— 

BC effect ~ 0*0009 remaine and subsides slowly; the CA effect 
-0*0015 disappeared quickly, for the spot rettirned quickly to 0 

- off, slowly subsiding — 

to +4 — -- +0*0004 

Slight + effect on changing to CA, but - effect on changing back 
to BC; the effect at BC has now subsided and is going + 

-- +off -0*0010 

-- - 0*0005 afoer the BC has 

returned to 0 

^0*0036 - 0*0011 

- 0 

10000 • - 

--0*0031 

- +0*0005 

-0*0005 


- 0*0002 

0 
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Qall Bladder (May 7). 
5000+ -0-0030 

+ 0-0030 

Kathode A.node 


(1) 


+0*0030 

(2) 




+0*0023 

(3) 

(4) 

Anode 

Kathode 


^-- -00012 


- 0-0008 

(5) 



- 0*0008 

(6) 

Kathode 


- 0-0006 

(7) ' 

Kathode 


- 0*0004 

(8) 




(9) 


^ — V V V Z tJ 


-- +0-0007 


( 10 ) 

( 11 ) 

( 12 ) 


+ 0-0025 — 
- 0-0001 ^ 


Kathode 

. 0-0001 ^— 


-00002 


- 0-0030 

+ 0-0006 
+ 0*0030 


-0-0040 


- 0-0001 


In experiment, May 7, some of the responses from the kathode 
are homodrome, e.g.y excitations (6), (7) and (12) j in the last there 
is found to be a homodrome response from the anode which also 
appears slightly in (11) after the usual autidrome. 

Qall Bladder Attached to Liver. 

Oompeniatiott. 

Coil at 5000- +0 0094 -O*0Oll +0*0033 

+ 0*0006 + -0*0100 + 0*0011 

+ -0*0036 

+0*0064 - 0*0038 
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OompenBAtioii. 

4-0*0005 


4-00003 
- 0-0002 


of the Gall Bladder of the.Frog. 

10000- +0*0100 -0*0038 

+ -0*0161 

+ -0*0130 

+ 0*0061 -0*0034 


437 


Excitation through BA, lead ofl* from A or B, and an indifferent 
point, C. 

B C A 


Coil at 1000 
„ 5000 


__ + 0-0001 
Auodo 


-0-0015 


- 0*0037 


10000 

5000 


Anode 


Anode 

-- 0*0012 

— -00037 

— + 0*0065 
+0*0015 
+ 0*0036 


10000 


Anode 


+ 0*0020 

+ 0*0032 
+ 0*0030 


Excitation through BA, and lead off through BA, 

5000 - 

■ ....^ +0*0070 

-^ +0*0030 


- 0*0022 
- 0*0007 


Excitation through BC, and lead off through BC, ditto CA, 
5000 - 

-i- -0*0070 


+ 0*0050 
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In this experiment some of the responses from the anode are 
homodrome. A single shock with coil at 5000- gives -0*0015 
from the anode. The stronger excitation with coil at 10000 calls 
out the antidrome response + 0 0065 and then the homodrome response 
from the anode - 0*0022, and then the weaker excitation at 5000 
gives the same responses in a lesser degree +0*0015 -0*0007* 

Same Gall Blmlder mparated fnmi Liver. 

B C A R€^si)(>ii9c. 

Coil at 5000 -^ 

---0*0050 +0*0040 

-.-.. -0*0020 +0*0025 

^- -0*0007 +0*0015 

Envelirf)e 

5000+ - -0*0004 +0*0003 

- - +0*0006 

10000- - +0*0008 
+ 00006 

Liver (Aj)ril 30). 

5000- - +0*0010 
+ - 0*0020 

10000+ -- -0*003C 
- - +0*0026 


Ga ll Bludder alone. 


5000 - 

+ 0*0250 

I’hen sinks to - 0*0080 

+ 

-0*0100 

+ 0*0050 Sinking back to - 0*0040 


+ 0*0250 

-0*0100 

+ 

-0*0050 

+ 0*0060 


Slice of envelope gave no response. 

Contents of gall bladder gave no response. 

it is a very easy matter to demonstrate the blaze-currents on the 
frog*8 gall-bladder, because the organ can be separated and placed, 
between electrodes without injury j but it is a difficult matter to cut 
out a piece of the round bladder and place it on electrodes without 
injuring the delicate tissue. It is necessary, however, to do this in 
order to study separately the mucous and serous surfaces. I found 
the most convement procedure was to cut the bladder across with 
scissors, the bladder collapses, but the piece out off rests on the blade 
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of the acissor H!jd ctin be gently drawn by a brtwh on to the soft china 
clay electrode, so that the inner epithelial auiiace, which laid on the 
scissor blade, now rests on the electrode; the other electrode can be 
now applied to the on ter smooth muscle fibre surface. If the piece of 
bladder is sufficiently large a third electrode can be applied to its edge 
and the effect of stimulation at both surfaces studied by Waller's ABC 
metho<l. 

In the experiments of March 10 the blaze was directed from the 
mucous to the serous surface and was of considerable magnitude, but 
the sixth excitation elicited a response in the antidrome direction 
before giving one from mucous to serous. In experiment of July 21 
there is also blaze from mucous to serous. 

The following figure gives a plan of the |K)sition of the electrodes 
and tissue in the ABC experiments. Unless otherwise stated in the 
following tables the -f sign signifies from nuicous to serous and 
- signifies from serous to mucous. 



-B 


A. Envelo/m of Bkuldei^ (March 10), 


6000- 

-0*0008 

- Means from mucous 

+ 

-off 

to serous. 

+ 

-0*0125 


10000 + 

-0*0160 



- 0*0020 


- 

+ 0*0020 - 0*0100 


+ 

-0*0060 



fOL. tXXIV. 


Gall Bkuidt^r. 

5000- +0*0066 

„ + -0*0058 

10000+ -0*0083 

„ - * + 0*0100 


Envel^gfe (March 24). 

5000- +0*0004 

„ + - 0*0009 

lOOOO- +0*0010 

„ + - 0*0025 

„ + -0*0025 


The layers were not 
properly separated. 


2 K 
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B. Envelope of Gall Bladder. 

5000+ - -0‘0046 

10000 + “ 0*0047 First trial of envelope 

+ 0*0018 is doubtful ae to 
single layer. 


Envelope of Gall Bladder (May 7). 

6000+ -0*0008 
+ 0*0001 


June 7, 

Volt. 

Electrodeti A and B. N.C. -- 0. 1/1000 - 0 

vS.s. 10000+ - 0 
», „ - - 0 

Electrodes B and C. N.C. ^ + 0*0004 
S.s, 10000+ - 0 


Shunt 


Shunt 


N.C. 


Gall Bladder. 

+ 0*0027. B to A. 


S.s. 


5000 + 

M *!• 
1000 

+ 

5000 + 
10000 + 


-off 
-0*0160 
+ 0*0260 
+ 0*0060 
- 0*0043 
■0*0036 
0*0071 
+ 0*0030 


1/100 volt 


14 

5 


14 


S.s. 5000 


+ 0*0014 -0*0007 


+ 0*0014 - 0*0002 


-0*0030 


-0*0016 
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qf ike Gall Bladder of ike Frog* 


Envelope of Gall Bladdm\ 

S.8. 5000+ * -0-0020 
- - +0-0030 


S.8. 


Mucous side. Serous side. 
BOA 

5000 - 

-- +0-0047 


-- -0-0063 

^ rrni, 

-nil 

———— ^ 

-— nil 


-0 0020 


--V +0-0012 


GaU Bladder—eniire (Juno 10). 


S.8. 5000- 

= +00075 

-0*0087 

u + 

-0*0160 

+ 0*0126 

1000 + 

-0*0020 


» — 

+ 0*0013 


6000- 

+ 00126 

-0*0110 +0*0010 

+ 

-0*0100 

+ 0*0100 

Portion of envelope only, with electrodes placed one on muconsj 
other on soroua side. 

S.s. 6000 - 

+ 0*0007 


» + 

-0*0031 



+ 0*0012 


+ 

-0*0010 

+0*0003 


+ 0*0016 


- 

+ 0 0016 


+ 

-0*0014 



Slim of Gall Bladder Envelope (July 12). 

S.8. coil at 6000 + « - 0-0030 
* +00030 
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Slice of Gall Bladder Emelope (July 14), 

S.s. 5000“ =- +olf scale. 

+ +0*0008 

10000+ - -0*0009 +0*0008 

„ “ - +0*0045 

+ - -0*0011 +0*0003 


Edge of 

Mucous, tissue. Serous. 
BOA 

Coil at 5000 -^ S.b. + 

-+0*0003 


»» )» ^ 

-^ +00004 


11 11 


nil 


>1 M ^ 

- nil 


Envelope of OM Bladder. 

6000- = +00003 - 00007 

+ - -0 0001 

10000+ - -0‘0003 + 0-0003 

- = + 0-0010 


Envelope (August 3), 

6000- = +0-0022 
+ - - 0-0010 


Edge of 

Sorotti. tiHue. Unoou*. 

B C • A 

6000 -- 


nil 


+ 0-0022 
+ 0-0006 

- 0-0022 


-0-0003 



44 ^ 


1904 ] tif tht Gall Madder of the 

Kclgeof 

Set*ou«. tufliid. Mucuu(». 

^ 0 A 


- 0-0007 
+ 0-0008 


+ 00020 


-00015 


S.8. 5000-^ - 

,j + »= 

10000 + - 


Envelope (Auguflt 11). 

+ 00005 Sinking to -OOOlO and very slowly 
returning after remaining 2 minutes 
at -00005 

- 0-0003 
-00005 
+ 00008 


Envelope of Gall Bkuldtir, 


B C A 
Muooui. Seroue. 
Coil at 6000 -^ 


-0-0004 


nil 


nil 

nil 


10000 


-^ + 0-0002 


- -00006 


- off scale lasting 2 minutes 
and returning to jBero 

^ + 0-0003 


0-0011 lasting 2 minute 
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Envelope of Quit Bladder (July 21). 

5000 - =s - O'OOlO (from mucous to serous) 

+ = -00020 

Serous, Muoous* 

6000+-^ 

- -0*0018 


-0*0018 


a trace 


0*0002 


-r- +0*0002 

+-^ 

^- - 0*0012 



10000 


+ 0*0002 
+ 0*0008 


-- _ 0*0020 

Slice of Gall Bladder (July 14). . 

Coil at 5000 - - + off scale 

j) + +0*0008 

10000+ - -0*0009 + 0*0008 

- - +0*0045 
+ 0*0011 +0*0003 

In this experiment the envelope was placed so that the + or positive 
deflection signified a blase from mucous to serous surfaces. In the 
flve cases given the flrst is a large effect in the usual antidrome direction, 
being an addition of the mucous to serous bla^ to the negative 
polarisation characteristic of this tissue, the second is the mucous to 
serous effect without negative polarisatiou» the third stimulation beiitg 
stronger brings out a negative polarisation effect (presumably from the 
smooth muscle Abres), and then the positive effect from mueous to 
serous. The last strong stimulation brings out a negative plus tbo 
positive effect as ui the first case. 
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The experiment of July 14 agrees with the experiment of July 21 in 
that the direction of blaze was from mucous to serous. 

The envelope of the gall-bladder behaves like all the mucous mem¬ 
branes in that there is a tendency for the blaze current to pass from 
mucous to serous tissues, but this effect is constantly masked by the 
negative or antidrome blaze peculiar to this organ. The ABC method 
shows that the serous surface displays the antidrome blaze more 
readily than the mucous surface. 

Envelope of Gall Bladder, 

Coil at 5000- - +0*0003 -0*0007 

+ - - 0*0001 

10000+ - -0*0003 +0*0003 

- - + 0*0010 

August 3. 


5000 - - -- 

nil - 

-0*0003 


nil -- 

-0*0008 


+ 0*0022 -- 

+ 0*0009 

-- 

0 ^ --— 

+ 0*0005 -^ 

+ 0*0019 


-0*0022 ^- 

-0*0017 

Envelope. 

6000+ = -0 0008 

August 11, 

Envelope. 

5000- - +0*0005 

-0*0009 

- - +0-0002 
10000- - +0-0005 
+ « -0-0007 

+ -0*0002 
10000+ - -0*0006 

- - +0*0008 



These experiments show the gall bladder to be an organ whose 
tuMSues possess great chemical lability,’’ the kathode of the single 
induction shock is more effective than the anode whether the stimulus 
occurs in the smooth muscle hbres or in the columnar mucous epithelium, 
eo that the blaze is first post kathodic, then post anodic. Occasionally 
tile usual mucous to serous blaze occurs, but of the two components 
of the structure, the smooth muscle fibres appear to give the blaze 
current more readily than the columnar epithelium. 



The gall bladder presents a very striking instance of the ei]uivoeal or 
antidrome blaze current. 

In conclusion I should like to be allowed the pleasure of thanking 
my husband for continual help and sympathy in my work, and to 
record my appreciation of and gratitude for the method of investigation, 
and simplified arrangement of electrical apparatus which renders it easy 
to study the many fascinating problems of animal and vegetable 
electricity. 


“ On the Com])reH8il)ility of Gases beL\vee!i One Atmosphere and 
Half an Atmospliere of Ihessure.” By Loni) Raylkiuh, 
O.M., F.R,8. Received tiaiuiary 17,—Read February 2, 1905, 

(Abstract.) 

The present memoir contains a detailed account of the observations 
referred to in the Preliminary Notice of February, 1904. In addition, 
results are now given for air, carbonic anhydride, and nitrous oxide. 
In the following table are recorded the values of B for the various 
gases at sj)ecifiod temperatures, B denoting the quotient of the value 
of pv at half an atmosphoi e by the value at the whole atmosphere ;— 


Gas. 

B. 

Temperature. 

Oxygsn. 

1 OOOSB 

11 2 

Hydrogen . 

0‘99074 

10 *7 

Nitrogen .....' 

1 *00016 1 

14*9 

Oarbonio oxide. 

1 1*00026 1 

1 18*8 

Air. 

1 1*00023 

; 11*4 

Carbon dioxide. 

1*00279 

16*0 

Nitroui oxide. 

1 1*00337 

; 11*0 1 


By means of a formula given by D. Berthelot the compressibilities 
at 0** C. are inferred, and applied to deduce the ratio of densities as 
they would l>e observed at O'* C. under very low pressures. Acoording 
to Avogadro's law these are the relative molecular weights. From the 
densities of nitrogen and oxygen we get N 14‘008, if 0 » I6u 
Again, from the densities of oxygen and nitrous oxide we find 
N w 13*998. The former is probably the more truetworthy. 
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*' The Tlieory of Photographic Procesaes: On the Chemical 
Dynamics of Development.’* By S. E, Sheppako, B.Sa, and 
C. E. K, Mees, B.Sc. Communicated by Sn: William 
Eamsay, K.C.B., F.IiS. lleceived December 20, 1904,—Bead 
February 2, 1905. 

(Presented in Thesen for the Degree of B.Sc. by Rosoarcli in the Univoraifcy of 

London.) 


Ilidorkal and Introductory .—The following work wiia undertaken with 
the view of applying physico-chemical methods to the study of photo¬ 
graphic development. Although, as has been pointed out by Ostwald, 
the problem falls in the province of chemical dynamics, but little 
systematic work has l)een done from tliis point of view, The increasing 
use of gelatino-bromido films in connection with radiation phenomena 
make a greater knowledge of the laws describing development and 
exposure very desirable, while the importanyo of the photographic 
industry needs no comment. The following brief historical introduc¬ 
tion is necessary in order to sum up the progress made and the 
terminology in use:— 

In 1878, Sir W. Abnoy* showed that the black reduction product 
in development was metallic silver. He introduced the mcasuroment 
of the transparency of the deposits by means of a photometer, and 
proposed as the relation iKstween the mass of silver reduced and the 
transparency a form of the law of error. In 1890, Messrs. F. Hurter 
and V. 0. Driffieldt made a systematic survey of exposure and develop¬ 
ment in which a new terminology was introduced and several very 
important conceptions and restilts. These were extended in 1898 in 
a second paper dealing largely with development.! They considered 
that the ordinary exponential lawg for the absoi^ption of light in 
homogeneous media held for the photographic image and confirmed 
this view experimentally. They gave the following terminology, which 
has been generally accepted:— 


Transparency ... 


rp _ I ^ Intensity^ transmitted 
lo Intensity incident 


Opacity 


0 


lo 

r 


1 

T’ 


Density . 1> nx — log.T = log^O. 


D, the d«n8ity, is for convenienoo usa»lly taken as - log), T, and 

• ‘ Phil. 1878; also • K. B.,’ 10th sdit., art. “ Photography." 
t * of Soe. of Ohem* lodo^ti^/ 1890. 

^ *|^hotogmphio Journal/ 1898; * Jahrbuoh f. Phot.,’ 1609. 

f and Eosooo * Pogf. Atm./ tols. 95 to lOO. 

VOLk i^ 2 L 
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according to Hurter and Driffield is directly proportional to the inass 
of silver per unit area.* 

References to the work on exposure and development will be made 
in the course of the present work. Many of their conclusions have 
been controvertedt chiefly from isolated experiments. Nevertheless, 
their method of sensitometry has been nominally adopted for com¬ 
mercial purposes in England. It has, however, been attacked by 
Dr. Eder|; in the course of his important researches on sensitometry. 

The authors have dealt elsewhere with the question of sensitometry, 
with the result of confirming in general the results of Hurter and 
Di-iffield. 

Applications of phyaico-chernical doctrine to photographic phenomena 
may l>e found in the short-lived ‘Archiv f. wisa. Phot.*§ and, in 
especial, Abegg’s silver-germ ” theory of exposure and development. 
This is dealt with later. 

All developers are, chemically spofikiiig, reducing agents, but the 
converse does not hold. In connection with this, BredigH has pointed 
out the importance of the “ reduction potential ”11 as a function of 
the developer. However, as there is no strict proportionality between 
** potential ” and reaction velocity,** other conceptions are necessary, 
if the ** efficiency ” of developers is to measured. The relation, 
as has been pointed out, may be conceived as analogous to Ohm’s law, 

velocity res^ta^iice*^^ resistance ” in chemical reactions is 

a term difficult to define or measure. 

The chemistry of organic developing agents has been extensively 
investigated by Messrs. LumuNre and Dr. Aridreson,tt to whom we 
erwe the following rule:—All organic developers are substituted 
aromatic derivatives, confining two of the groups OH and NHg, 
joined by an ortho- or para- linking, the rneta- bodies not aof^ng as 
developers. Andreaengg has pointed out the analogy between these 
bodies and the simple inorganic types, O^Ha, hydrogen peroxide, NaH 4 , 

• Kder: ‘ Beitr^go Biir PhoUjchAmie u. Spectml-imalyBo/ 1904 j Lather, 
* Zeit, f, IMivs. Cluita./ 1900 rcoommends the term Extinction,*' instead 

of the ftuomalotifl *‘den«ity/* ne thie quantity the same as the “Extinction 
coefRoient ’’ introdu(;<>d by Viorordt in absorption photometry. 

t Eor a bibliography of this controrersy, see C. E. K. Mees and 8. E, Sheppard, 
** Iimiruments for Sensitometry/’ ‘Phot. Joum,,* vol. 44, Wo. 7, p. 2^} and 
“ On Sensitooieiry,” ibid,^ Wo. 9, 

I Xoe. eif. tvpra, or ‘ SiUber. d. Wien. Akad.,’ vol. 113, 1899, sect. A. 

§ ♦ Archiv t WisB. Phot.,’ 1899 to 1900. 

IbEdor’i Jahrbuch, 1893. 

% Bancroft mid Weumann, * Zeit. f. Physik. Ohem.,* 10, 8S7. Wemst, * Theorat. 
Chem*,’ 4te Auttage, p. 710. 

•* OttvaJd, * Lehrbuch/ 2te Bd., Stc TU (2te Auflaga). 

ft Wemst, * Theoret. Chomie./ 4te Auflage, p. 666. 

Xt * Photo. Bulletin,* 1895, tag. Eder’s d’aHrbnoh, 1899 (pp. 140 to 

f§ 'Phot. Oorr.,* 1*W, p, 81 a, Eder’adahrbuoh, 18^ 149 to 147). 
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hydrassine, and NHa’OH, hydroxykmine, all of which function w 
developers.^ It seems possible that the quantitative investigation of 
development might throw light on the aihnities of a largo group of 
organic bodies. 

Owing to the complications present in organic developing solutions,f 
the reaction was first studied with ferrous salts, those employed being 
ferrous oxalate, citrate, and fluoride. These can be easily estimated 
analytically, and disturbing side reactions do not occur to any extent. 
The methods and conclusions arrived at can then )>e applied to the 
study of other developing agents. 

Apparatm and Method of Enqvii-y. —The apparatus used by the 
authors and other investigators for the investigation of sonsitometry 
and development have been very fully described elsewhere, J so that 
only a brief description with an account of the errors in working is 
here necessary. 

The progress of the reaction vras studied by measuring the density, 
varying amounts of light action being obtained by moans of a special 
sonsitometer. 

(a) The sens!tometor impressed a known gradation of exposure on 
the plate by means of an accurately calibrated aector-whoel, exposed 
to a constant pressure acetylene burner,§ 

(b) A special thermostat was employed, so that all the chemical 
reactions involved took place under constant conditions, temperature 

too*rc. 

(c) The absorption photometer used was a Hiifner spectro¬ 
photometer. || The silver deposit had no spectral absorption, but 
measurements were made in the bright green, the region of maximum 
luminosity in the visual curve.^ The instrument uses two Nicol 
prisms for polarising the light, and so darkening the comparison field. 
If 0 be the angle of rotation of the analyser, T, the transparency «* I/Io 
is equal to cos^^^, and D, the density (after Hurter and Driffield) is equal 
to -logiocos^^. The estimation of the probable error for a single 
density—the scatter—gave the following result:—The mean probable 
error from 3*0 to OTOO was approximately constant at 0*007,** As 

• 3> Koy., ‘ Bull. Hoc. Fran^. Fhofc./ 1804, vol. 28. Andrewu, * Phot. Corr./ 
vol. 86. p. 260, 

t Mro# ond Shoppard, ^ Zeit, f. Phot.,’ Bd. 11, H. 1, 1004, 

J ‘ Phot. Joum.,' lutttrurutint* for SonsitometHo luTeiitigatiou," vol. 44, 1004, 
Ko, 7. 

{ Zoc ,c U. 

|j J&oo. dt and * Zeit. t Phy»ik. Cbem.,’ 8. 

^ Further, the region for maximum eeneitiveness for small dilVomnoes in 
iuteuffity, Unt6rs<ihi<»ds<^pflndlichkeit, Uee. according to PflUger, between X 495 
and X 685. ‘ Ann. d, Phyi./ 4to Flge,, Bd. 0, p. 207. 

*• Mortons t ** Modified KOtiig. Spectropliotometor,” * Ann. d. Phys.,'Ate 
Bd. 12, 1608. *' As long as oo does not lie near if or 00^, p, the just 

p^ral»|Mhk difitevenoe of brightneos of the oompamon fields, is constant/' 

' 9 L 2 
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Bix readings were taken, from 3*000 to 0*100, the figuree are truet- 
worthy to three units on the third decimal place. 

The next considGration is as to how far D represents the mass of 
silver per unit area. In treating the image as obeying the absorption 
law, no account is taken of the light diffusely scattered.*’* It is true 
that BO long as all densities are measured at the same distance, the 
scattered light lost is probably proportional to the scattering Burfaco, 
to the density. In this case the result does not affect the form 
of the exirve, for D (T) (mass of silver), but only the slope, 
ue,i the pliobomcter-constant. But the error duo to this cause with 
the Hiifner instniment is, for negatives, inappreciable. If proper 
precautions with regard to obstmction of light by the absorption 
stand are taken, and adjustment made so that the zero does not alter, 
it is foiuid that the measured density does not alter on changing the 
distance of the light source. Further, if a diffusing medium, such as 
milk'glass, be interposed, the density readings are not altered beyond 
the probable error. On the other hand, if this be done with an un¬ 
developed plate, quite different readings are obtained. When measuring 
highly diffusing media, such as haloid of silver emulsions, U k nea^Hsary/ 
to use a highly diffusing light and also to ntilke only a narrow strip 
of the traimnUted Imndle of rays. This may be accomplished by moans 
of the carriers described in our former paper, 

I'he Photomtrk Constant .—As was stated above, Hurter and Driffield 
showed that the an\o\int of silver per unit area was directly proportional 
to the density I) == - log T where T is the photometric transparency. 
This was found for densities from 0*625 to 2*0, the mean value of P 
being 0*0121, P is the mass of silver in grammes per 100 cms.*, 
corresponding to a density of 1 *0, and is henceforth referred to as the 
photometric constant. A rodeterraination of P in 1898 gave P ^ 0*0131 
for ferrous oxalate. The photometric constarit varies slightly with 
the developer, especially if organic stain be deposited. Dr. hlder also 
confirmed this ratio for densities from 0*5 to 2*0, and obtained the 
value 0*0103 for P (ferrous oxalate). As this relation is of great 
importance in the theory of development and eeueitometry, we made 
a redetermination, extending the range of densities to 3*5, as it seemed 
possible divergencies might occur at higher densities. The photometric 
constant allows quai^tities of silver to be estimated much below analy¬ 
tical measurement. 

Hurter and Driffield, after the necessary density-measurementB, 
removed the film from the plate and dissolved the silver in nitric acid: 
it wa« then precipitated as AgCl, and weighed. Dr. Eder couvei-ted 
the silver directly by means of bichromate and HCI into AgOl 
These gravimetric methods are somewhat disadvantageoxis iu dealing 
with the small quantities of silver present. If plates of small area ara 
s Abnsjr, * im, Mag,,* im. C. Joaet, * Thot. Jemtad/ Xm to X»W, ^ 
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WBed, the iiltimate analytical error for so small a quantity of AgOl 
may seriously affect the results, while with larger plates the irregularity 
in the developed density, primarily due to coating, causes errors 
which are only partially compensated by taking many readings over 
the plate. It would be preferable, moreover, to precipitate the silver 
as AgBr, both owing to its slighter solubility and the greater weight 
of precipitate obtained. 

A preliminary gravimetric determination was made, in order to 
check the volumetric method subsequently employed. The densities 
ranged from 2*4 to 3’25 and the value of P obtained was 0*01035. 

Tbe volumetric method adopted was Volhard’s,* with thiocyanate 
sometimes controlled by the precipitation with KBr,* The standard 
silver solution was N/lOO AgNO^, prepared by dissolving 1 *6997 grammes 
pure AgNOa in water with excess of HNO3 and made up to 1000 o.c. 
at 15** C. This was checked by analysis, and two concordant deter¬ 
minations gave the factor 1*001. The staiulanl KCNS, N/lOO had the 
factor 1*017. 

Details of (fie Estiniatimi on Plates, —Half-plates and whole-plates were 
exposed at 2 to 3 metres, carefully develops, fixed and washed. Very 
careful washing was necessary in order to extract all soluble salts. 
They wore dried at the standard temperature. The density was 
measured in 20 to 30 places,f and the area; after this the film was 
removed by dilute HF and soaked in many changes of distilled water, 
with frequent pressure between filter paper, to remcnre all soluble salts 
which might interfere. 7 The film was then dissolved in slight excess 
of pure HNOs, SG 1*49 and the gelatine completely destroyed by 
heating, as otherwise it interferes with the subsequent titration by 
forming a pseudo-solution of the precipitate and retarding its aggro- 
gation.g The solution was made up to 25 c.e. at 15’ C. and titrated 
with N/lOO KCNS, using 2 c.c. of lO-per-cent. ferric-am. sulphate as 
indicator. 

The following series is exemplary. Four series of measurements 
were made in this way, the density ranging from 0*50 to 3*5, and the 
curve shows that there is no bias throughout the range. 



Aren. 

Series IV. 

Deiuity. 

Tifcro. 

P. 

1. 

87‘2 cm* 

1-438 

11*8 0.C, 

0-01033 

3. 

86'7 „ 

2-392 

18-7 „ 

0-01019 

4. 

87-2 „ 

2-067 

16-5 „ 

0-01082 

5. 

87-2 „ 

1-809 

14-96,, 

0-01040 

6. 

87-2 „ 

1-618 

13-1 „ 

0-01022 


♦ M!ohr'« * Titriruiethod*.* 

t !XhU WM necsivarj, um vsmtion* in the dereloped deiuity up to 10 per oent. 
qoswed/eHiefl^ due tio ooating ervort. 

J ImmiSre and Seyewets ** On Eetenticm of Hypo,*’ Bef. in ' IP. if,/ 

I d# Bfit/n ^Ber.,' 1902, tol. 25, pp. 8079 to 8082. 








452 Mesara. S* K Shep|»atd aiid B. K. Meas. [Bee. 

The means of all aeries are as follows :— 


1. 0*01035 Gravimetric. 

II. 0*01012 Volumetric. 

III.... 0*01037 

IV.. 0*01029 „ 

V. 0*01040 

Total mean. 0’01031 P for plates employed. 


Wratten ordinary emulsion and ferrous oxalate. Curve I shows the 
directly proportional ratio between the density D logioO and the 
mass of silver per 100 cms.^. The mean value differs materially from that 
found by liurter and Driffield, but this may \m due (a) to a constant error 
in their photometer; (b) to the plates used, as it seems probable that the 
emulsification of the silver haloid has considerable influence on the 
“covering power” of the silver subsequently deposited. This 
“ covering power ” is, of course, the quantity P or photometric 
constant. 
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He extent to vrhioh the exponentiAl law hoUls for gelatine emul¬ 
sions is of great practical importance, as it provides a rapid and easy 
method of measuring the amount of substance present. The followiiig 
oxfjerimerits indicate that it holds within certain limits. 

Table calculated from Ilurter and Driffield. 


Vlafco, -AgBr pei* 100 cm«.‘^ Detiwity. 

1 . 0*016 gramnio 0*240 

2 . 0*031 ^ „ 0*520 

3 . 0*062 „ 1*000 

4 . 0*124 „ 2*900^ 


The writers converted silver into AgBr and measured the density in 
each case. Considering how high the figures are, the results ai‘e 
satisfactory. 

Series I. 

Density of silver. 2 023j ^ ^ 

„ AgBr. 4-020 J ^ 

Series II. 

Density of silver. 1-009 j j ^ ^ o-()393. 

Comparing these with Hurter and DriffiekVs numbers, it is obvious that 
the physical state of .the haloid has tremendous influence on the opacity. 
Considering the impoi-tance of this quantity for sonsitometry, the 
constant P seems worthy of investigationin connection with emulsifica¬ 
tion. 

The investigation shows that the density can be accepted as a measure 
of the mass of silver reduced. 

Erroi's dm to Pinks ,—Unevenness in the coating of the plates intro¬ 
duces a large source of errors. In these researches, Wratten onlinary 
emulsion specially coated on patent plate glass was used, the edges 
being rejected. We have to thank Mr. Wratten for the care taken 
and his readiness in coating experimental plates. Nevertheless, as the 
following figures show, the error from this source is considerable. 
Plates similarly exposed and develojiod, resulted as below;— 


a. h, e. 

1 . 1-364 1-336 1-403 

2 . 1-329 1-342 1-364 

3 . 1-289 1-321 1-247 

4 . 1-287 1-349 1-280 

6 . 1-337 1-375 1-340 


Mean 1-3212 1-346 1-326 

Oi^ateet dev. 3-2 per cent. 2-2 per cent. 6-0 per cent. 
* ProlMbly due to “Metter*’enor. 
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From those and other measurements it was calculated that from this 
cause alone the probable error on a single developed density is 1 per cent.^ 
The authors have sinco constructed an instrument for the more exact 
coating of plates. 

Method of D&oelopinent and Developei \—The thermostat and plate- 
holders have already been described. Previous to development, the 
plates were soaked for 2 to 3 minutes in a tube of distilled water in the 
thermostat. Development was stopped l>y plunging the plates in 
cold water, they were washed, fixed in pure hypo, washed, cleared in 
dilute HCl, ringed, wiped with cotton wool, and dried at a uniform 
temperature. 

The developer first used was ferrous oxalate. A physico-chemicid 
investigation had shown that the iron was present as a complex aniont 
b'e(Cij 04 ) 2 , which is stable in the presoiice of excess of free oxalate ions, 
according to the equilibrium 

Fo(C 204)2 zi FeCA + C^a. 

When the ferrous oxalate is present in solid form, the constant for 
the above equilibrium is 0*8 at 20 " C. The standard solutions employed 
were 

A. F 0 SO 4 . 278 grammes per litre, molecular, 

B. KaCA. 184 

checked by titration with standard KMnOi. 

The developer was always slightly acidified with pure HySO^. 

The VclfKUy of DevehpmerU ,—This was studied by measuring the 
growth of the density, »>., the mass of silver, with the time of reaction, 
in full analogy with other kinetic investigations. The following facts 
were experimentally proved :— 

(a) The silver deposited increases rapidly at first, then more slowly, 
and finally tends to a limit. 

. (b) This limit depends only on the exposuro.J 

(c) The velocity depends upon the concentration of the reducer. 

(rf) A soluble bromide reduces the velocity, but the “slowing off'" 
with time is not so pronounced. 

Temperature was always 20^*0 C., luiless otherwise stated. 

Table I for a, b, and c. 

Developer A. 5 c.c, FeSO^, M/ 1 . Exposure 10 CMS. 

46 „ KgCA M/L 

B. 2 „ FeSO^, M/ 1 . Exposure 50 CMS. 

48 „ K2Ca04, M/ 1 . 

• «V., “ luntrnmenU for Soasitcmietry/' * P, J./ 1004, Ko. 7. 

t ‘ Proo. of Oltem. 800 ./ rol. Ko. 288, p. 10 . 

Z Apparent exoeptioitii to tkii knr wUl be disonseed in enbeequent woric. 
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Table I. 


A. Ximo, Benaifcy. 
5*0 mins, 1*052 
10*0 „ 1*230 

20*0 „ 1-296 

46*0 „ 1-444 

90*0 ,, 1-591 

120*0 „ 1*623 

and confirming a, A, d. 

Developer, 4*0 
40*0 
1-0 
to 50 0 


B. Time. B^jnaifcy. 
5*0 mins. 0*628 
10*0 „ 0*987 

15*0 „ 1*323 

20-5 „ 1-376 

30-0 „ 1-628 

90-0 „ 2-429 


c.c. FeSO., M/1. 

II KjCjO,, M/1. 

„ KBr, N/10. 
„ with H 2 O. 

rablo II. 




60 CMS. 

1)« =* 

10 CMS. 

Time. 

Density. 

Time. 

Density. 

6*0 

mins. 

0*256 

10*0 mins. 

0*522 

11*0 


0*759 

15-0 „ 

0*741 

15*0 

>» 

1*001 

20*0 „ 

0*838 

20*5 


‘ 1*375 

30*0 „ 

0*939 

25*0 

Tt 

1*435 

40*0 „ 

1*050 

S1*0 

t1 

1*541 

50*0 „ 

1*186 

40*0 


1*847 

60*0 „ 

1*212 

50*0 

>1 

2-119 

75-0 „ 

1*360 

€0*0 


2*148 

90*0 „ 

1*409 

70*0 

V 

2*333 

105*0 „ 

1*674 

90*0 


2*398 

135*0 „ 

1*641 

120*0 


2*398 

12 hours 

1*641 


Thase facts are in agreement with Hurter and Driffield^a statement that 
development tends to a limit depending upon the exposure. They con¬ 
sidered that their results were represented by the formula D D^(l a*)'"’ 
where D» density at time U “ultimate density, and a is a constant. 
They stated that this was arrived at " on the idea that the number of 
silver bromide particles affected by light is greatest in the front layer 
of the film and decreases in geometrical progression as each successive 
li^er is reached/' and ** that the developer reduced the particles as it 
penetrated the film.'" Apart from the inherent improbability of this 
process taking place so regularly, it wotdd, as was pointed out by 
give results in contradiction to the law of constant^ensity 

* * J. 800. of Chom. lad./ May, 1890 . 
t ^ Zoit. r. Ohem./eS, p. 622 . 
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ratios demonstrated later. A conclusive experimental disproof of the 
hypothesis is given by the fact that a plate exposed from the glass- 
side develops normally, although in this case the layer containing 
fewest reduced particles is reached by the developer first. 


Table III. 


Time. 

Density. 

K. 

11 0 mins. 

0-477 

0*0210 

15-0 „ 

0-612 

0*0217 

20*0 „ 

0*681 

0*0193 

33*0 „ 

0-897 

0*0197 

75-0 „ 

M56 


120'0 „ 

1*156 

For moaning of K, see later. 


The mass-time curve is quite normal. 

Another theory of development-velocity was proposed by Dr. Abegg,*’*' 
based on his “ silver-germ theory of the latent image. According to 
this, the velocity of development, the number of silver germs 
deposited in ut>it time is proportional to the number present at any 

time. This may be expressed by (a -t- 6 + x), where a and b 

are constant numbers of germs due to exposure and ripening respec¬ 
tively, and X is the number due to development. It is evident that 
as X increases the velocity should increase, and a steady acceleration 
should be noticed till the whole film was developed through; in this 
unmodified form the expression is iu obvious disagreement with the 
facts of development. 

Thermj of })efVifli^me7d,-^Th^ investigations of Boguski,t Noyes and 
Whitney,^ and especially of M. Wilderman,§ E. Bruner, and Nernat,!) 
have led to a bettor understanding of the reaction-velocity in hetero¬ 
geneous systems, among which the development of silver-bromide 
naturally stands. When a solid dissolves, the rate is proportional to 
its surface and to the difference between the saturation-concentration 
and that at the given moment. At the boundary between the phaaeo 
saturation exists, so that the rate of solution depends on the difLunon 
velocity. AVhen a chemical action is superposed, Nernst assumes that 
in most cases the equilibrium in the reaction-layer is adjusted with 
practically infinite velocity compared with the diflfGsion process. If the 
length of the diffusion path and the diffusion {^oefBoimits are known, 
in xnany cases the velocity may be oakulated in absolute measure. 

♦ R. ‘ ArohiY t VViM. Rhot.,* 1890, yo\, 1. 

f V. Untiftald, ‘ Lolirbueh,* Sto Auflage, tU Bd., 2te FI. * Chom. Kinetik/ 

I * aoifc. f. Cbem.,* 23. 

§ If. Wildarmsn, ‘Fhil. Hag./ October, 1902} * Zoiw. Phyrik. Chstn./ tol. 80, 

is&o, p* dai. 

II ‘ «#it. f. Pliji. 47,190*, ^ fi«. 
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Now, the chemical equation for development with ferrous oxalate 

is probably Ag + Fe (€304)2 «= Ag + Fe (€204)3, «>., one silver ion is 

(met.) 

converted into metallic silver. The velocity equation will then be 
dxjdt^YSjx^ CkcOx. 

CAg may be reckoned as constant oti the above view of the 
instantaneous adjustment of the equilibrium, as solid AgEr is present. 
If we assume a layer of constant thickness, in which diffusion takes 

A 

place, the!i there will diffuse into the reaetiondayer 8 ^ (a - x) dt of 

reducer in the time r//, whore A is the diffusion coefficient of the 
reducer, it its initial concentration, and x equivalents of AgBr have 
been reduced. If x be very small compared with u, the total concen¬ 
tration, this becomes S ^ aM, and the velocity of development is 

C' 

given by dxjdt »KS, where S is the surface of the solid phase, and 
K*>A.a/8. Now the existence of a maximum and fixed quantity of 
developable AgBr is proven by the experiments detailed above. We 

shall distinguish the amount of this by (AgBr) and in the course of 

the reaction it varies from (AgBr) to 0. The surface 8, therefore, also 


varies from (AgBr) to O. Now, the microscopic examination of the 
photo-film shows that it consists of a number of very fine AgBr grains 
embedded in gelatine, lliis, and the fact that the emulsion absorbs 
light, according to the law I/Io^e"^” * where m is the mass of haloid, 

allow us to substitute for S (AgBr), 8 p (AgBr), the 

surface is directly proportional to the mass of AgBr at any time, and 
therefore to its optical density. The optical density Do of the latent 


image (AgBr) must equal D^, the density reached on ultimate develop¬ 
ment, while, obviously, the density of the (AgBr) at any time, f, equals 
-D, where D is the density of reduced silver at the time, /. Hence 
^jdt « K8«« K - D), which gives on integration 


1 

/ 


log 




K. 


If this formula be written D ** D^{1 - it. will be seen to be the 
same as Hurter and Driffield's, when a, but it has been obtained on 
quite general grounds, free from hypothesis, as to the nature or dis¬ 
tribution of the developable haloid. 


e A fiae-ipTMtiod hstsrasAoeitj maj he treated formally »$ a eoiation, rf, Bredig, 
^ Anoii^gamsohe Kerweate/* l^ipzig, and Bodemteui. * Zeat. t Bhyeik. Chem.,* 
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Tested experimentally, the firet aeries gave a decreasing value for 
K.' It was found that this wm due to the accumulation of bromide, 
which lowered the velocity. This was avoided by adding excess of 
free bromide in such quatitity that the amount due to development 
was negligible. 

The following series give some of the results ;— 


Table IV. 


Series L 


Tim«. 

Deniity. 

K. 

5*0 mins. 

0*294 

0*0144 

10*0 

»» 

0*742 

0*0212 

16*0 


0*973 

0*0205 

20*0 

ti 

1*178 

0*0207 

26*0 


1*276 

0*0190 

300 


1*448 

0*0203 

40*0 

>f 

1*547 

0*0180 

96*0 

fJ 

1*828 

0*0195 

135*0 

It 

1*899 

0*0199 

00 


1*919 


Mean... 

K » 0-01996. 


Series III. 


Time, 

Deniity. 

K. 

6*0 mins. 

0*311 

0*0149 

10*0 

tt 

0*838 

0*0229 

15*0 

tt 

1*000 

0*0193 

20*0 

ft 

1*266 

0*0208 

26*0 

ft 

1*401 

0*0199 

00 


2*053 



Mean... K ^ 0*01992. 

Total mean of four aeries 


D» - D‘ 

Series IL 


Time. 

Density, 

K. 

5*0 mins. 

0-370 

0*0182 

10*0 

>> 

0-683 

0*0186 

15*0 

»» 

0-999 

0*0206 

20*0 

»» 

1-203 

0*0206 

25*0 


1-270 

0*0181 

30*0 

tt 

1-479 

0*0203 

160*0 

ft 

1-962 


CO 


1-962 



Mean... K 0*0194. 



Series IV. 


Time. 

Denaity, 

K. 

5 *0 mins. 

0-283 

0-0190 

10*0 


0-647 

0-0208 

15*0 

» 

0-769 

0-0217 

20*6 

tt 

0-919 

00214 

25*0 

ft 

0-990 

00203 

30*0 

tt 

1-114 

0-0217 

46*5 

ft 

1-276 

00209 

00 


1-437 



K « 0*0208. 


K « 0*0203 


The developer was— 


4*00 c.c, FoSOi mol. 
2*00 „ KBr, N/10 
40*00 ,,' moL 


\ Fe - N/25.- 
JBr « N/500. 


To 1004) C.C, with HsO. 
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Another batch of the same emulsion gave— 

Series I. K - 0*0191, Series III. 0-0217, 

„ II. K - 0 0201, „ IV. 0*0204. 

Total mean . 0*0204, 

Total mean of four series... K 0*0203. 

The following table and c-urve show that the expression is satis¬ 
factory over a wide range of development, considering the experimental 
difficulties. All the series, Dj, Dy, and Dg, were reduced by common 
proportion to the same value ;— 


Table V.—Curve for N/500 Br and N/25 Ferrous Oxalate. 


Time in mine. 


D,. 

D». 

D obs. 

I) calc. 

6'0 

■iil 

0*303 

0 *373 

0 *335 


10 -0 


0*815 

0*697 

0 '762 

0*78G 

15 *0 

1 *018 

0 *976 

1*020 

1 *003 

0*995 

20*0 

1*227 

] *282 

1*228 

] *229 

1 '201 

26*0 

1 *330 


1 -m 1 

1 '830 

1*364 

30*0 

1*510 



1 '610 

1*495 

40*0 

1 *610 


1 *610 1 

1 *610 

1‘681 

96*0 

1*901 



1 *904 

1*960 

186*0 

1*970 


1 

1 *970 

1*980 


2*000 


i 

2*000 

2*000 



It appears that generally the x^alue of K is constant for a standard 
emubton freshly coated. Variations, however, may be caused by 
dissident emulsification, and the value varies with diforent plates. 
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Thus 

Wratten ordinary . K 0*0203 

Karnet ordinary. K « 0*0260 (0*0249 -^0*0254) 

For occasions of space the mean value of K with the extremes are 
given, except where it seems desirable to show that the course of the 
reaction is unchanged. 

Ifijhimce of ConceniraUcm on fJw Velocity .—The constant as developed 
above contains implicitly Cre, the total concentration of the iron; 
it should, therefore, be proportional to this experimentally. 


OForrouB oxulatQ. 

N/12*5 

N/12*5 

N/25 

N/60 

N/50 


Table VI. 

K found. 
0*4011 
0*4061 
0*203 
0*100 
0*102 


Br ==. N/500 


The values for N/12’6 showed some tendency to decrease; this is 
probably due to the rapid accumulation of bromide and other reaction 
products, which do not diffuse rapidly, and so influence the velocity by 
remaining in the reaction layer, a fact which is one of the main causes 
of divergencies and difficulties in heterogeneous reactions.* A more 
stringent proof of the proportioiuility is given later. 

On the diffusion theory of the development velocity, this pro¬ 
portionality is simply the expression of the fact that the amount of 
reducer diffusing into the reaction layer is proportional to the con¬ 
centration {vide p. 457). Nernstt has^pointed out that on this theory 
it is not admissible to draw conclusions as to the order of the reaction 
in heterogeneous systems, so that the otherwise probable theory, that 
the reaction is mono-molecular with respect to iron, cannot be regarded 
as strictly proven by this. 

Inflnmce of Bromide mi the Velocity.--It is well known to photo¬ 
graphers that bromide considerably influences the rate of development, 
for which reason it is used as a reatrainer. The influoace of bromide 
must be due to its effect on the purely chemical reaction 

Ag-hR “ Ag + R. 

(mot.) 

The effect on the expression K « | log g was studied. 


It wae found that the values of K for low values i increased till 


* Oitwald, * LohvbneV A.idiage, 2te Bd., * Ohem. Kmstik.' 
t W. Kerast, * ThsorttitelM Ohsmis,* Aullaso, p. 070. 
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a fairly constant maximum period was reached. This initial induction 
was already noticeable in N/500 bromide, and increaeed as the con- 
centratiou of the bromide increased. Further, it was modified by the 

value of t.e., of (AgBr), ]>eing shorter for higher values of this. 
Values of K M^ere obtained from “ maximum period. 


Developer, N/2r) Ferrous oxalate. 

N/1000 KBr. 

I. a. K — 0*0280 (0*023—0*0.31). Increase duo to fog. 
h, K - 0*0280 (0*030-^-0-026). 

II, KBr - N/100. Ill KBr - N/50. 

a. K = 0*0146 (0‘0142--~0*017). «, K - 0*0123 (0*0110—0*0147). 

K 0*0142 (0*0160—0*0137). k K 0*0113 (0*010 -0*0130). 

And with N/12*5 Ferrous oxalate— 

xSeries I. KBr ~ N/60. 

a. K = 0*0181 (0-0166—0-0203), h, K « 0*0182 (0*0195—0*0176), 

Tabulating results we get— 

Developer N/12*5 Ferrous oxalate. 


Conceutmtion of Br. Velocity constant. 

0-002 N 


0-0404 

0-020 N 


0-0181 

for the lower concentration N/25 

Ferrous oxalate. 

Concentration of KBr. 

K. 

E X log Br. 

0*001 N 

0-0280 

0-0280 

0*002 N 

0-0203 

0-0266 

O-OIO N 

0-0U3 

0-0286 

0-020 N 

0-0118 

0-0274 



C » 0-0276 


It will be seen that the results obtained with bromide are fairly 

represented by the simple empirical formula K x logio Br « constant, 
ie., aa the bromide is increased in geometrical progression, the velocity 
diminishes in anthmetical. 

We may discuss here the theoretical grounds from which the 
behaviour of bromide might be deduced. 

It has been suggested that the action of bromide is due to the 
reversal of development, silver bromide being re-formed and develop- 
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ment retarded,^ kit the vrrl||^ found that the addition of small 
quantities of ferric oxalate, the other reaction-product, had no effect 
comparable with that due to equimolecular quantities of bromide. 
Only with very large concentrations of ferric oxalate (above N/ 25 ) 
was an effect perceived. Bromide is therefore shown by this method 
of “ isolation ” to have an effect per se, A more probable theory is that 
bromide acts by lowering the concentration of the silver ions in accord¬ 
ance with the reversible ionic equilibrium 

Ag + Br ir; AgBr AgBr, 

(solut.) (solid) 

when wo have Gajj . Cur ^ constant. 

Now, the chemical equation gives 

(ID/di^ K.CAff.C 

for the reaction velocity, and in consequenci, the velocity should be - 
inversely as the concentration of the bromide ions. That it has a 
smaller effect than this confirms the view that the reaction-velocity is 
chiefly determined by the diffusion equation. Nevertheless, bromide 
may so slow the chemical reaction that its velocity begins to affect that 
of the total reaction. 

We may ftirther notice, as was remarkedabove, that the expression 
- log “ K does not hold over so wide a range when bromide is 


introduced, but that the values of K rise at first, and then reach a 


fairly constant period, the induction-period apparently depending both 
on the concentration of the bromide and on the value of . The 
phenomena observed are similar to those in “ grade<l ” reactions taking 
place in homogeneous systems, t These initial disturl^ances are inti¬ 
mately connected with the disturbance of the density ratios hy bromide. 
In order to investigate the action more fully, a series of exposures on 
the same plate, thus giving different values of , were obtained by 
means of the previously described Bensitometer j the results of this 
work will bo noted later, with an elaborated theory of the mechanism 


of development. 

Age of Plate .—In the course of this work, it was found that the 
velocity of development depends largely on the age of the plate, 
diminishing with keeping. This change is accelerated by heat and 
atmoepheric conditions. This was discovereil when plates of Batch I 
were used a considerable time after making, and gave quite divergent 
velocities according as they bad been kept. Tlte phenomenon, while the 
cause was still unsuspected, caused much trouble. The following tables 
exhibit the divergencies obtained 


• Hufter and Driffield, * Journal,’ 1^98 1 Luther, * OhsmiMhe Vergff&lte Iq 
der Photoarsphie,* 1900, ^ 

i J. Walker, ’ Boy, ffoo., Kdinhurgh/ Decemher, IW. 
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Br « N/600, K =« -0203 * 


Time. 

Densitjr, 

K il loff .3—5 
t * 

15*0 mins. 

0*259 

0*0048 

20*0 „ 

0*452 

0*0066 

30-0 „ 

0*643 

0*0068 

40*0 „ 

0*810 

0*0070 

50*0 „ 

0*960 

0*0071 

60*0 „ 

1*042 

0*0068 

70*0 „ 

1*089 

0*0062 

80-0 „ 

1*214 

0*0067 

90-0 „ 

1*302 

0*0069 

100*0 „ 

1 *333 

0*0065 

1200 „ 

1*423 

0*0064 

12 hrs. 

1*713 


14 „ 

1*712 



Mean, K - ’0067, i2:;^ reduction to one third of its former value, 
This was for an opened l)ox kept in laboratory cupboard. 


Table Vlll. 


Table Villa. 


Developer Fc 

- N/25. 

Br ^ N/500. 

Fe - N/25. 

Br - 

N/1000. 

Time. 

Dotisity. 

K, 

Time. 

Oeneifcy. 

K. 

lO'O mins, 

0*226 

0*0062 

10*0 rnins. 

0*552 

0*0174 

16-0 „ 

0*575 

0*0118 

16-5 „ 

0*744 

0*0186 

2rr0 „ 

0*713 

0*0094 

20-0 

0*891 

0*0166 

30 0 „ 

0*835 

0*0097 

25-0 „ 

0*900 

0*0136 

40-0 „ 

1*041 

0*0102 

80-0 „ 

1*040 

0*0141 

60-0 „ 

1*185 

0*0102 

40-0 „ 

1*277 

0*0167 

60-0 „ 

1*284 

0*0101 

50-0 „ 

1*376 

0*0161 

70-0 „ 

1*411 

0*0108 

60-0 „ 

1*403 

0*0134 

80-0 „ 

1*432 

0*0099 

175-0 „ 

1*646 


190-0 „ 

1*666 


cb 

1*669 


6 hrs. 

1*708 





K = 

0*01004 


K = 

0*01665 


The values obtained six months liefore were 

N/500 Br. K « 0*0203. N/1000. K - 0*0280, 

«o that in this case the speed has }>een about halved. This was for a 
sealed box kept in laboratory cupboard. 

Further, for an opened box kept in college locker:— 


2 M 


vot. LXXIV. 


• Se« table, pp. 458—469. 
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Table IX, 


N/500 KBr. K 

- 0*0203. 

Time. 

Beunifcy. 

K. 

10*0 mins. 

0*513 

0*0156 

Ib-O „ 

0*809 

0*0195 

200 „ 

1002 

0*0200 

26*0 „ 

M15 

0*0185 

300 „ 

M74 

0*0180 

45*0 „ 

1*418 

0*0184 

60*0 „ 

1*560 

0*0190 

i90'0 „ 

1*664 


3 hrs. 

1*664 


Mean... 

K' - 

0*0189. 


In this case a reduction of only 
place. 


Table IXa, 


N/200 KBr. K - 0*0170. 


Time. 

Density. 

K. 

10*0 mins. 

0*549 

0*0149 

160 „ 

0*835 

0*0168 

200 „ 

0*961 

0*0163 

260 „ 

1*119 

0*0155 

300 „ 

1*274 

0*0161 

400 „ 

1*461 

0*0160 

460 „ 

1*562 

0*0164 

600 „ 

1*688 

0*0162 

00 

1*896 



Mean... K' « 0*01603. 


per cent, in the velocity has taken 


These measurements show that the rate at which a plate develops is 
diminished with time of keeping. Apparently a slow irreversible 
change takes plac^e in the film, which is accelerated by heat and 
presence of gases, etc. If we consider the exjiression for the velocity 


K- 


A 

3 


. ft ., it seems probable that the alteration is duo to an effect on 


A, the diffusivity coefficient. It is quite different from that produced 
by so-called “ hardening” agents, which do not affect the development 
velocity. 

Only the al>eolute value of the velocity, and not the velocity-function, 
ia altered. 

The Ikffusmh Path^ —In his work on heterogeneous reactions, Bruner 
measured the thickness of the diffusion layer by electro-chemical 
reactions, an<l found, for example, for rate of solution in water of betusoic 
acid, 0'03 mm. In general, the layer was of this order, but was lessened 
as the rate of stirring increased. 

In the photo film the diffusion path must be equal to the depth 
of the latent image plus a small layer on the gelatine surface. The 
former is not alterable by stirring, and the subsequent microBcopic 
moAsuremeuls show that it is of about the same order as Bruner found, 
viK., about 6*02 to 0*03 mm. The outer layer is alterable by rotation, 
but is probably not very large, as increasing the rotation had but 
a slight effect on the velocity. Unfortunately, very high velocities of 
stirring increased the fog materially, and also produced uneven marking. 
A rate of al>out 30 revolutions per minute was found to ensure homo¬ 
geneity of the solution on the bounding surface. 

It should be noticed that the whole mass and surface of the develop¬ 
able image in the case of development lie in the short diffusion layer in 
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the gelatine. How far this modifies the Nornst theory for the reaction- 
velocity will be considered later. 

A slight periodicity in the rate of development was sometimes noted, 
see curve*. 



Note on Fog. —It is usual in density moasuromentH to subtract the so 
called “ fog " from the total density. This is the density duo to inherent 
fog in the plate, extraneous light, etc. Usually a separate reading is 
made of the so-called fog strip, but, owing to tlie differential nature of 
our instrument, the “ fog ” reading was automatically subtracted, and 
taken from the same portion of emulsion as the exposure. 

But the formula ^ log ^ shows that there is a theoretical 

error in assuming the fog in the unexposed strij) is equal t(? that in the 
exposed strip. 

For lot A 4- B “ C be total mass AgBr, 

where A AgBr changed by light, B AgBr unchanged. 

Then rate of fogging {dDldi) C - K (A 4 * B) in fog strip, and equals 
{dDjdf) B KB in exposed film. 

Obviously, fog increases ffister in unexposed film than in the exposed; 
it is desirable, therefore, for photo-chemical investigations, to have an 
omulsion which does not give fog-density higher than 0*15 to 0*2, even 
on infinite development, and in most of this work this was fulfilled. 

Law of ConMant IhmUy llafioK —Another deduction from the develop¬ 
ment formula is the law of constant density ratios. If a series of 
increasing exposures are given to a plate, as every density increases 

♦ Cf. Oitwald, ‘ VorloB. Obor Naturphil./ Loipxig, 1902, pp, 274, 815, 368, * Zoit. 
Phyii, Ohsin./ 86, p. 83, 1900. 0. Br<»dig u, Weinmaycr, * Z. f. p. Chem.,’ 48, 
p, 600, ** Periodic Contact Analy»i*,” 


2 M 9 
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proportionately, tho ratio of the densities due to any two exposures 
is constant, and independent of the time of development. 

Hurter and Driffield showed that if a geometrically increasing series 
of exposures be given to a plate over a certain range, the density 
increased arithmetically. Over this period of “ correct exposure ” the 
following equation holds:—D — ylogE/t, where E is the exposure, 
I is a characteristic constant of the plate, termed the inertia, and y is 
a constant depending upon the development, and called the develop¬ 
ment factor. The magnitudes i and y are obtained graphically as 
follows : the densities due to nine siiccesaive exposures are plotted as 
ordinates, and the logarithms of the corresponding exposures as 
abscissee. A curve is obtained which, for a certain period, is practi¬ 
cally a straight line, The point where this cuts the exposure axis 
gives log i, and if 0 bo the angle of inclination, y - tan 0. Analyti¬ 
cally, the value of y may bo deduced as follows : for two exposures, 
El and E^, we obtain the densities Di and D^, the equations being 
Di ylogEi/i, D^.> -- 7 log E^/i, 
eliminating i, _ D 2 - Di „ ^ D 

' log Ea - log El A log E ^ 

7 is therefore independent of the absolute exposure, and otdy depen¬ 
dent on the Ea/Ei which is fixed by tho sector wheol.t 
In order to test the constancy of the density ratios, two plates were 
exj) 08 ed simviltarmously in tho sensitonieter to avoid errors due to 
light inconstancy, and developed for difierent times. The values 'of 
7 were obtained from the curves in the graphic manner described. 
Each plate was allowed 100 c.c. of developer, 

FeSo 4 Mol 8-0 c.c. + KaCA Mol to 100 c.c. 

The logarithms of the ©xpovsures are giveji on an arbitrary scale, 
putting log'Ee - VO, as the absolute value is unimportant. A typical 
table is given below :— 



Table X.- 

—Ti ^ 2 mins., 

, Tg ^ 6 mins. 


No. 

ix>g 

Bonuitj Tj. 

Deneit)' T*. 

Ratio Di/Dj, 

1 

3'30 

— 

— 

— 

2 

3*012 

0*876 

2*563 

2*935 

3 

2*72 

0*769 

2*230 

2*900 

4 

2*42 

0*685 

1*995 

2*920 

5 

2T4 

0*499 

1*491 

2*983 

6 

1*80 

0*332 

1*096 

3*330 

7 

1*575 

0*234 

0*716 

3*060 

8 

1*360 

0*128 

0*329 

2*680 




Mean ‘ .. 

. 2*967 


• Of D - , -“I..-, Jienoe y - . 

i rflogK 

t For cafibration of •ector^wheel v. tof*. Hi,, p. e. 




Density 


1904.] The Chemical Dyriamica of Photographic Developmmt, 467 
Other results abbreviated :— 

Series II... R ^ 1*465. Mean dev. +0*04. Tj ^ 6 mins. 

T, - 120 „ 


>) 

III. 

.. R - 2'21. 

= TO-04. 

Ti 


2 





% 


4 

)> 

IV 

... K - 1*49. 

- TO-05. 

T, 


8 





T.. 

— 

120 

II 

V 

... E = 1-353. 

- T 0*032. 

Ti 


5 





T. 


10 

II 

VI , 

... R = 1-4M. 

- +0*05. 

Ti 


10 







120 



Riirigu of expoauro . 

,. 1—250. 





development. 2 miua. 2 hrs. 



The ratios of densities due to ditterent exposures are unchanged by 
time of development in a non-bromided developer. 

These tables and the curves show that for variations in the time of 
development from 2 minutes the density ratios and the values of i are 
unaffected. Every density grows proportionately with the time, a 
fact which finds its rational explanation in the theory of development 
proposed. 

For the straight line portion of exposure the equation 
D « 7 (log E - log i) holds, and for a single density the expression in 
brackets is a constant. The development factor, y, is, therefore, 
strictly proportional to D, and as 

I) ^ DJI 

fto y "" 

where y == y at time f, 

y^ = y infinite dev., 

which gives the relation between y and the time of development. 
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The following tables show the validity of the expression for different 
batches of plates :— 



Table XI. 


'I'ime. 

Development 
factor y 

] l0K,„ ■>'” • 

2*0 mins. 

0-50 

0‘04G0 

2-5 „ 

0*73 

0*0562 

4'0 „ 

J *08 

0*0572 

5-0 „ 

I -.33 

0*0608 

6’0 „ 

1*47 

0*0578 

^■0 „ 

1-77 

0*0602 

lO’O „ 

1*91 

0*0541 

irro „ 

2*17 

0*0480 


2*67 



Mean 

.. 0*0550 


Table XIl. 


^riine. 

v- 

Iv = ^ lojj; 

^ 7 - 

2*0 mins. 

0*684 

0*0495 

2'5 „ 

0*840 

0*0500 

4'0 „ 

1*23 

0*0500 

5-0 „ 

1*63 

0*0470 

8-0 

1-90 

0*0470 

00 

3*40 



Mean 

... K - 00487 


This shows that both and K vary for different batches ; for the 
same developer, and K are the characteristic development constante 
of the emulsion. 

The factor y is of considerable importance in practical photography, 
as it measures the gradation or degree of contrast in a negative. 

of Cimc^niratim m y.— As might be expected, this is simply, 
the time tiiken to reach a given factor is inversely as the concentration 
of the ferrous oxalate. 

Th\i 8 for N /12 *5 and N/25 ferrous oxalate— 


N/26 ... 

.. 5*0 mins. ... 

... y - 0-73 

N/ 12-6 ... 

2-5. 

... y - 0*72 

N/26 .... 

.. 50 „ 

... y r. 1-54 

N/ 12-6 .... 

... 100 „ 

... y » 1 '69 


Over the range N/5 to N/40— 


(A) N/5 . 1 *5 mins. 

(B) N /10 . 3-0 „ 


6*0 mins* 
12^0 


(C) N /20 

(D) N/40 
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Table XIII. 


E. 

Log E. 

T>a. 


Po. 

Pn, 

Mean P, 

304-5 

2-48 


1-358 

1-440 

1 *446 

1 *414 

154 -8 

2-ie 

1 *802 

1*248 

1*278 

1 *270 

1 -274 

78 *0 

1 '89 

1*094 

1114 

1*104 

1 '120 

Z *108 

40-6 

1 -61 

0 *892 

0 *892 

0 *902 

0 -850 

0 -884 

18 *8 

1*26 1 

0 -604 

(>•688 

0*676 

0 *608 

0-644 

111 

1 -on 

0 -422 

0 -436 

0 *428 

0*858 

0-414 

6-72 

0 *88 

— 

j ()-244 

— 


0-244 

, _ 

_ _ 

,, . -- 

1 .. ' 


_ _ . 

. ._ 


The velm'ity of deve/ojnneni is* jn’oftmiimud io the (mwenfraHm- of the ferrmis 

I'he magtiitnde the limiting y of the plate, is of great 

importance. It expresseg numerically the ultimate density-giving 
powers of plates, and gives a numerical measure of the quality that 
has hitherto f>een expressed by such phrases its ‘‘ contrasty plates,” 
soft plates, “ fiaue platten,” and so forth, y^ is proportional to the 
photometric constant of the reduced silver, arid eo varies slightly with 
the developer, but more so with the emulsification of the luiloid. 

The practical estimation of and I)^ is in many (jhsos beset with 
much oxponmentai difficulty. If y^ is very higli, the resultant 
densities are hard to measure, while many commercial plates, especially 
rapid oi\es, give mtich fog on prolonged development. Since the 
equilibrium is only theoretically reached af(;er infinite time, only a 
close approximation is leachod hy very long development. The 
method given by Ostwald'’*' for evaluating the end-result was employed 
to check the results. 

The following method of obtaining y^ and K from sinmlUineous 
values of y and t was pointed out by Or. L. N. G. Filon :— 

Writing the equation ~ log^. *= Kin the formy y^ (1 

y<» ““ y 

and taking yi and y^z so that 4 = 2/i, we get 

7i ” 7» '‘'O . (a). 

7 ^ = 7 .( 1 -«-*'•) . (>), 

putting - X we have from {a) and (6) 

1} ^ AzS. ^ J... ^_ 

ys (l-ic*) i+x 

HlZ y j ^ c-Kf, ^ . X\ . „ , 

yi y^-yi 

and I log, - K, 

t ^y2-yi 

• * Ijehrbuoh,* 2t« j^nflage, 2 Th., 2 Bd., p. 210* 
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which gives K, whence may be obtained by substitution; but it 
must i>e noticed that the expression only holds when 72/71 < 0*8 

approximately, t.tf., when the tangential part of the curve is past, 
Oomparimn of Developers .—By means of the 7 formulee the relative 
e^Scienciea for different developers can be compared. The following 
results give the comparison for ferrous oxalate, fluoride, and citrate :— 
Ferrom Fluoride .—The use of this salt was suggested by Peters* 
work on the reduction potential of ferrous salts. Luther explains the 
fact that ordinary ferrous salts—Fe^'K—as FeSO.* do not develop as 
due to the reversal of the reaction by ferric ions. But Peters has 
shown that the E.M.F. of a ferrous chain is very much increased by 
the addition of a soluble fluoride, owing to the fact that Fe'^Flg is but 
slightly dissociated, and further that a complex ferrid-fluoridion is 
formed, both causes tending to remove ferric ions. We found that 
an N /10 solution of FeS 04 in excess of KF developed but slowly. 
Prolonged development removed the film from the plate, so that 
celluloid films had to bo used. 

The developer was made by mixing FeS 04 and NaF solutions, as 
the sodium double salt seems more soluble than the potassium one. 
The solutions were nearly colourless. 

Table XIV.—Ferrous Oxalate, N/ 10 . 



Temp. 13” C. 


Time. 

V. 


3*0 mins. 

0*64 

0*056 

6-0 „ 

1*13 

0*060 

8'0 „ 

1-.39 

0*064 

00 

2*00 

— 



K « 0*060 


Temp. 20 * C. 


Tira«. 

y* 

< y»-r 

2*0 mins. 

0*49 

0062 

4-0 „ 

1*01 

0-076 

7-0 „ 

1*35 

0-071 

8-0 „ 

1*49 

0-074 

QO 

2*00 

— 



H 

0 

0 

t'OO, mean 

value found by Filon*s 

expression. 


The experiments with ferrous fluoride showed that the law of the 
constancy of inertia with time of development held here. For brevity, 
only the 7 values are given. 
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Table XV.—Ferroua Fluoride, N/10. 



Temp. 13" C. 


Time. 

y. 

^ 7<» ”7 

45*0 mins. 

0*50 

0*0028 

90*0 „ 

1*00 

0*0033 

135*0 „ 

1*35 

0*0036 

280*0 

1*72 

0*00303 

00 

2*00 




K = 0-00,'J2 


Temp. 20" C. 


Time. 

7- 

J lugio 

< r., -y 

15*0 mins. 

0*204 

0-0030 

60*0 „ 

0*895 

0-0043 

90*0 „ 

1*22 

0-0046 

120-0 „ 

1*36 

0-0041 

00 

2*00 

K .= 0-0043 


Hence, comparing results, 

Temp. K Ferrous oxnlate. Ferrous fluoride. Ratio. 

13'’C. 0‘060 0*0032 18*7 

20 “ C. 0*071 0*0043 16*5 

This indicates that ferrous fluoride has a somewhat higher tempera* 
ture-coefficient than ferrous oxalate. 

Ferrous Citrafe ,—This is a gowi developer for chloride plates, but 
develops silver bromide very slowly. For the plates employed 
7 ^ «^'3*40, and K for ferrous oxalate at 20" C. 0*0487. 

It was found that here also the density ratios and the inertia were 
independent of the time of development. For the velocity at 20" C.— 

Table XVI.—^Ferrous Citrate, N/10. 


Time, 

7- 

* y„-y 

60-0 mins. 

0*474 

0-0011 

120-0 „ 

0*720 

0-0009 

240-0 „ 

1*40 

0-00096 

ac 

3*40 

K - 0-0010 


Whence for table of relative efficiencies at 20“ C.— 

Deroloper. Kfficicnoy K 

Ferrous citrate. 1*00 

Ferrous fluoride . 2*95 

Ferrous oxalate. 48*7 
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On the Theory of Developrri'ent ,—In the ferrous fluoride developer the 

+ + 

reducing agent seems most probably the ferrous ion, Fe, the concen¬ 
tration of which is extremely high. With ferrous citrate, a complex 
ferro-citratanion. Now, on the diffusion theory the great difference in 
velocity observed is difficult to cxpltdn; in particular, the mobile 
ferrous ion should have proved the most efficient reducer. Possibly 
wc still have to do with the irifluence of free ferric ions on the 
reductioTi velocity, although their original concentration in the ferrous 
fluoride solutions was ej^tremely small, while those formed by the 

+ + -f- 'i' 

reaction P’e + Ag xr Fe -4' Ag (metal), should bo immediately removed 
Ity the ionic equilibria 

Fe + 3F xn: FeFs 

+ + + — _ _ _ 
and Fo-f-GF xir FoF<j. 

However, the action of bromides shows that the actual chemical 
reaction (*an, under certain circumstances, influence the totiil reaction 
velocity. Although, in general, ionic reactions, such as we must 
conceive development to be, occur with practically immeasurable 
velocity, yet it is possible to follow some in which the ionic concen¬ 
tration is very low.* In the development of silver bromide, the 
concentration cannot pass the solul>ility product of AgBr, so that the 
maxiumin concentration of silver ions is very low. Further, the 
unknown nature and influence on the reaction of the so-called latent 
image have not been taken into account. 

Bodensteiiijt in a criticism of the Nernst-Brunor theory, has 
indicated the pi'esenco of a high temperature coefficient as a criterion 
for distingiiisbiug whether the speed of reactions in heterogeneous 
systems is conditioned by the diffusion process or the chemical reaction. 
A study of the teniperattirednflueiico, of the influence of soluble 
bromides, the reversibility of the reaction, and of the microscopy of 
development and exposure has been made, in continuance of the 
present woi’k, as well as experiments on the nature and destruction of 
the latent image,” and it is hoped to publish these shortly, 

The work given here shows that development can be studied 
qnantiUvtivoly, and brings it in line with general physico-chemical. 

Summary of Itemlts, —(1) An accurate quantitative method of 
attJicking photographic questions is descril^ed, and it is shown that if 
T be the optical transparency of the silver deposited in photographic 
processes, the D T is accurately proportional to the mass of 

silver. 

• (f, Donnan and Ia» Bowignol, “ Velocity of Reaction betweou PotMiunk 
Foirricyanide and Iodide in Neutral Solution,*' * J. C. S. Tranii.,* p. 708,1003. 

t M. Bodonatein, ' Zeit. f. Phytik. Ohetn.,’ 49, H. 1, p. 4S, 1904. 
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(2) From considerations of the growth of the density during develop¬ 
ment, and of the theory of heterogeneous reactions, the equation 

T I) constant, was shown to represent the reaction; 

'' it} 

this was experimentally confirmed. It is considered that the velocity 
of development mainly depends upon the rate of diffusion to the 
affected haloid. In agreement with thi.s (a), the velocity as measured 
by the constant above, is directl}^ j)roportional to the concentration of the 
reducer; (/>) is affected }>y the age and condition of the plate; (c) is 
reduced hy the addition of 8<duble bromides, but not in the propor¬ 
tion which would occiu* if the velocity of the chemical reaction 
+ — 

Ag + R — Ag (met.) + R alone were measured. 

(.3) The law of constant density ratios due to varying exposures,, 
deduced from the altovc theory, i.s experimentally confirmed. 

(4) It is shown that the development-factor y in the sensitometry 
equation D — ylogE/i is governed by the same laws as a single 
density. Methods for calculating and controllirig y are given, by means 

of the equation - log—K. 

(5) By means of this expression the velocities with ferrous oxalate, 
fluoride, and citrate were compared, the relative values of K being in 
N/10 concentration 0'0487, 0 003, 0*001 ; the anomalies here and the 
theory of development arc discussed. 


In conclusion, it is oui* pleasant duty to express our thanks to 
Professor Sir William Ramsay, F.K.S., for cojitinual interest and 
advice throughout the research, and also to Dr. F. G. Donnari, and to- 
Dr. M. W. Travers, F.R.S., for much advice and sympathy. 
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** Polarised Rontgen Radiation.” By Charles G. Barkla, D.Sc., 
B.A., King’s College, Cambridge, Oliver Lodge Fellow, 
University of Liverpool Communicated by Professor J. J. 
Thomson, FE.S, Received January 21,—Read February 16, 
1905. 

(Abstract.) 

Experiments on secondary radiation from gases and light solids 
subject to X-rays showed that the character of this radiation differs 
only very slightly from that of the radiation producing it, and that the 
energy of this radiation is proportional merely to the quantity of matter 
through which a beam of Rontgen radiation of definite intensity 
passes, being independent of the kind of matter. 

These results, and the agreement between the energy experimentally 
determined and that calculated, led to the conclusion that this radiation 
is due to what may be called a scattering of primary X-raya by the 
corpuscles or electrons constituting the molecules of the substance. 

On the hypothesis that Rontgen rays consist of a succession of 
electro'-magnetic pulses in the ether, each electron in the medium 
through which these pulses pass has its motion accelerated by the 
intense electric fields in these p\dses, and consequently is the origin of 
a secondary radiation, which is moat interise in the direction perpen¬ 
dicular to that of acceleration of the electron, and vanishes in the direc¬ 
tion of that acceleration. The direction of electric intensity at a point 
in a secondary pulse is jwrpemlicular to the line joining this point .and 
the origin of the pulse, and is in the plane passing through the direction 
of acceleration of the electron. 

On this theory, a secondary beam whose direction of propagation is 
perpendicular to that of the primary, will be plane polarised, the 
direction of electric intensity being parallel to the pulse fror»t in the 
primary beam. If the primary beam l»e plane polarised, the secondary 
radiation from the charged corpuscles or electrons has a maximum 
inte!isity in a direction perpendicular to that of electric displacement 
in the primary beam, and zero intensity in the direction of electric 
dispUioement. 

The secondary radiation from light substances was too feeble to allow 
accurate measurement of the intensity of the tertiary radiation. 

A consideration of the method of production of primary Rontgen 
rays in an X-ray tube, however, leads one to expect partial pokriaation 
of the primary beam proceeding from the antikathode in a direction 
perpendicular to that of propagation of the impinging kathode raysi 
for there is probably at the aritikathode a greater acceleration along the 
line of propagation of the kathode rays than in a direction at ri^t 
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angles; consequently in a beam of X-rays proceeding in a direction 
perpendicular to that of the kathode stream there should be greater 
electric intensity parallel to the stream than in a direction at right 
angles. 

Such a beam was therefore used tis the primary radiation, and the 
intensity of secondary radiation proceeding in a direction perpendicular 
to that of propagation of the primary beam from a radiator placed in 
that beam, was studied by means of electroscopes. 

In the hnal form of apparatus the intensity of secondary radiation 
was measured in two directions perpendicular to that of propagation of 
the primary radiation and to each other, while the intensity of the 
primary beam was measured by a third electroscope. 

Using paper, aluminium, or air as the radiator, as the bulb was 
titrned round the axis of the primary beam studied, the intensity of a 
secondary beam was found to retich a maximum when the direction of 
the kathode stream was perpendiculai* to that of propagation of the 
secondary beam, and a minimum when these two were parallel, one 
electroscope recording a maximum rate of deflexion when the other 
recorded a minimum. Many experiments were made which proved the 
evidence of partial polarisation conclusive. 

When heavier metals, siich as copper, tin, and lead, which emit a 
secondary radiation differing considerably in character from the primary 
producing it, were used as radiators, no variation in intensity of 
secondary radiation was observed as the bulb was rotated. 

This result was not found to be affected i>y a considerable variation 
in the penetrating power of the primary radiation. 

Experiments were made with several X-ray tubes. 
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tiho Conversion of Electric Oscillations into Continuous 
Currents by means of a Vacuum Valve.” By J. A. Fleming, 
M..A,, D.Sc„ F.R.S., Professor of Electrical Engineering in 
University College, London. lieceived January 24,—Bead 
February 9, 1905. 

An electric oscillation being an alternating current of very high 
frequency, cannot directly affect an ordinary movable coil or movable 
needle galvanometer. 

Appliances generally used for detecting electric waves or electric 
oscillations are, therefore, in fact, alternating current instruments, and 
must dei>end for their action upon some property which is inde¬ 
pendent of the direction of the current, such as the heating effect 
or magnetizing force. The coherer xised in Hertzian wave research 
is not metrical, since the action is merely catastrophic or accidental, 
and bears no very definite relation to the energy of the oscilla¬ 
tion which starts it. Even the demagnetising action of electric 
oscillations, though more definite in operation than the contact action 
at loose joints, is far from being all that is required for quantitative 
research. It is obvious it would bo an advantage if we could utilise- 
the direct current mirror galvanometer for the detection and measure- 
ment of feeble electric oscillations. This can be done if we can 
discover a medium with {lerfect unilateral conductivity. 

Some time ago, I considered the use of the aluminium-carbon 
electrolytic cell with this object. It is well known that a cell con¬ 
taining a plate of aluminium and carbon, immersed in some electrolyte 
which yields oxygen, such as dilute sulphuric acid or an aqueous 
solution of any caustic alkali, or salt yielding oxygen, has a UTiilateral 
conductivity within limits. An electric current under a certain 
electromotive force can pass through the cell from the carbon to the 
aluminium, but not in the reverse direction. 

This action has been much studied and is the basis of many technical 
devices, such as the Nodon electric valve. 

The electrochemical action by which this unilateral conductivity is 
produced involves, however, a time element, and after much experi¬ 
menting I found that it did not operate with high frequency currontB. 
My thoughts then turned to an old observation made by me in 1889, 
communicated to the Koyal Society, amongst other facts, in a Paper 
in 1889, and also exhibited experimentally at the Koyal Institution in 
1890.'*^ This was the discovery: that if a carbon filament eleotrio 

* See * Boo. Proc./ vol. 47, p. 122, IB90, “On Electric Discharge between 
Electrodes at different Temperatures in Air and High Vacua,’* by J. A. KUming, 
communicated December 16,1889 j see also * Procjeedings of the Boyal Inatitntton,' 
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glovr lamp containB a pair of carbon filamontB or a single filament and 
« metallic plate sealed into the bulb, the vacuous space between 
possesses a unilateral conductivity of a particular kind when the 
carbon filament, or one of the two filaments, is made incandescent. I 
have quite lately returned to this matter, and have found that this 
unilateral condtictivity exists even with alternating currents of high 
frequency and is independent of the frequency. Hence, in a suitable 
form, it seemed possible that such a device would provide us with a 
means of rectifying electric oscillations and making them measurable 
on an ordinary galvanometer. The following experiments were, 
therefore, tried r— 

Intt> a glass bulb, made like an incandescent lamp, are sealed in the 
ordinary way two carbon filaments, or there may be many filaments. 
On the other hand, one carbon filament may be used and a platinum 
wire may be sealed into the bulb terminating in a plate or cylinder of 
platinum, aluminium or other metal surrounding the filauient. It is 
preferable to use a metal plate carried on a platinum wore sealed iiito 
the glass bulb, the plate 1>eing liCnt into a cylinder which surrounds 
both the legs of the carbon loop. The diagrams in fig. 1 show various 
forms of the arrangement. Diagram a shows a l)ulb with a single carbon 
filament surrounded by a metal cylinder, /> shows one with two carbon 
filaments, and c a carbon filament and two insulated metal plates. The 
ends of the carbon filament which is rendered incan<les(ient are marked 
+ and - and the terminal of the other electi’ode of the valve is 
marked t. The bulb must be highly exhausted to about the pressure 
usual in the case of carbon filament incandescent lamps, and the metal 
cylinder or plate must bo freed from occluded air. 

Suppose that wo employ such a bull) containing one carbon filament 
surrounded by a metal cylinder (see «, fig. 1). The filament may be 
of any voltage, but I find it most convenient to employ filaments of 
such a length and section that they are brought to bright iiican- 
descoiice by an E,M,F. of 12 volts. The voltage and section of the 
filament should l)e so arranged that the temperature of the filament 
corresponds with an “ efficiency,” as a lamp-maker would say, of 
276 or 3 watts per candle. The filament is conveniently brought to 
incandescence by a small insulated battery of secondary cells. A 
circuit is then completed through the vacuous space in the bulb between 
the cylinder and the filament by another wire which joins the external 
terminal t of the metal cylinder and that terminal of the carbon 
filament w^hieh is in connection with the negative pole of the heating 
battery. In this last circuit is placed a sensitive mirror galvanometer 
of the movable needle or movable coil type, and also a coil which may 

Yol. 18, Tart liXXXIV, p, 46, Friday eyeniug di«oovir*e on February 14, 1890, 
** F 3 Poblsm« on the Physios of an Electrio Lamp,” when this unilateral oonductiTity 
Wtt« experimentally showti. 
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be the secondary circuit of an air core transformer in which electric 
oscillations are set up, As is now well known, the vacuous space in 
the bulb permits negative electricity to move in it from the hot 
filament or cathode through the vacuous space to the cylinder or anode 
and back through the galvanometer and coil, but not in the reverse 
direction, as long as the cylinder is cool and the carbon filament not 
at a temperature much above the melting point of platinum. To 
illustrate the action of the bulb as an electrical valve, the following 
experiments can be shown:— 

Electric oscillations are set up in a metal wii^e circuit by the discharge 
of a Leyden jar, as usual. This circuit takes the form of a thick 
wire of one or more turns, bent into the form of a circle or square* 
Some distance from this, we place anothejr wire, of several, say eight 


Fig. 1. 



or ten turns, also bout into the form of a circle, and connect this last 
wire into the circuit of a galvanometer and vacuum bulb made as de- 
scribed, so that it is a circuit ba>dng unilateral conductivity. On exciting 
the oscillations in the primary circuit by an induction coil we have an 
alternating high frequency magnetic field produced, which affects the 
secondary circuit at a distance. The oscillations in this last are, 
however, able to flow only in one direction. Hence, the galvanometer 
is acted upon by a series of intermittent but unidirectional electro* 
motive forces, and its needle or coil deflects. Since the field is a high 
frequency field, we can show the screening effect of a sheet of tin foil 
or silver |mper in a very simple and effective manner by the effect it 
produces in cutting down the galvanometer deflection when the metal 
sheet is interposed between the primary secondary circuits. Also, if 
we move the secondary coil away from the priimaTy coil or turn the 
two coils with their planes at right angles to one another, then the 
galvanometer deflection diminishes or falls to eero because the induo* 
fcion is decreased. Accordingly, we have in this vacuum valve and 
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asAociated mirror galvanometer a means of deteeting feeble alternating 
electric currents or oscillatious. Another method is to employ a 
difTerential galvanometer and two vacuum valves. These must then 
be arranged, as shown in %. 2, one oii*cuit Gi of the differential galvano¬ 
meter is in series with one valve Vi and the other circtiit Gg with the other 
valve Va, hut so joined up that currents flowing through the valves in 
opposite directions pass j'ound the two galvanometer wires in the 
same direction as regards the needle and, therefore, their effects are 
added together on the galvanometer needle. Each valve must then 
have its own sepirate insulated battery to ignite the filament. Also, 
it is necessary that the connection with the oscillatory circuit must bo 
made in both ciises to the hot filament by that terminal which is in 


Ww. 2. 



connection with the negative pole of the local battery used to ignite 
the filament (see fig. 2), 

This arrangement of a differential galvanometer and two valves 
transforms, of course, more of the alternating oscillation into direct 
current than when one valve alone is used. It provides us with a 
means of detecting electrical oscillations not merely in closed circuits 
but in open electrical circuits. 

When BO using it, it is necessary to associate with the oscillation 
valve and galvanometer an oscillation transformer for raising the 
voltage. The resistance of these valves, when in operation, may be 
imything from a few hundred ohms np to some megohms, depending 
on the state of incandescence of the filament and upon the electro¬ 
motive force mnployed to drive the current through the vacuous space, 
as well as upon the siae of the filament and the plate. This reeistanoe 
rou hxxsv» 2 N 
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does not obey Ohm’s law, btit the current increases to a maximum and 
then slightly decreases as the voltage progressively increases, The 
form of oscillation transformer employed with the device is as follows : 
A small air-coro induction coil has a primary circuit, which consists of 
52 turns of gutta-percha covered wire, wound in a helical groove cut 
on an ebonite rod 0*5 inch in diameter and 6 inches in length. The 
primary circuit is made of a No. 20 or No. 22 S.W.G. copper wire. 
The secondary circuit consists of 36,000 turns of fine silk-covered wire, 
No. 36, wound in six coils, each having about 6000 turns, and all 
joined in series. This secondary circuit has orm terminal connected to 
one common terminal of the galvanometer and the other to the common 
terminal of the two oscillation valves (see fig. 4). The primary coil of 
this oscillation transformer has one terminal connected to earth an<l the 
other to a long insulated rod w^hich acts as an aerial or electric wave 
collector. To prevent the direct action of the transmitter upon the 
secondary coil by simple electromagnetic induction, it is best to w'ind 
the secondary coil in two equal parts in opposite directions and to 
wind the primary in a corresponding manner. 

If an electric wave sent out from a similarly earthed transmitter 
falls upon the rod, then an electrical oscillation is set up in the 
receiving circuit and therefore in the primary coil of the oscillation 
transformer inserted in series with it. This oscillation is raised in 
voltage by the secondary coil of the transformer, and by reason of the 
unilateral conductivity of a vacuum valve, placed in series with the 
coil, oiie part of the oscillatioti, viz., the positive or the negative 
current, passes round the galvanometer coils and aflfocts it. 

If wo employ a sensitive dead heat galvanometer of the type called 
by cable engineers a ** Speaking Galvanometer,” then intelligible 
signals can be sent by making small and larger defioctions of the 
galvanometer corresponding to the dot and dash of the Morse alphabet; 
anyone who can “ read mirror " can read off the signals as quickly as 
they can be sent on an ordinary short submarine cable with this 
arrangement. 

The arrangement, although not as sensitive as a coherer or magnetic 
detector, is much more simple to use. Also it has one great advantage^ 
viz,, that it enables us to examine the behaviour of any particular form 
of oscillation producer. By means of it we can detect changes in the 
wave-making power or uniformity of operation of the transmitting 
arrangement, by the variation of the deflection of t^e galvanometer. 
Thus, for instance, if a spark-ball transmitter is being employed and 
the deflection of the galvanometer in association with the receiving 
aerial is steady, if we put the slightest touch of oil upon the spark-balk 
of the transmitter, their wave-making power is increased and the 
deflection of the galvanometer at once increases. Since the current 
through the galvanometer is the result of the groups of ogeillatiotm 
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« 

which are created in the receiving circuit, and since in the ordinary 
transmitter these oscillation groups are separated by wide intervals of 
silence, it is obvious that we can increase the sensitiveness of the above 
described arrangemorjt l>y employing a very rapid break or interrupter 
with the induction coil. Tf, for instance, wo employ a Wohnelt break with 
the induction coil or a high speed mercury break or alternating current 
transformer, we got a fur better result as indicated by the deflection 
of the galvanometer than when employing the ordinary low frequency 
spring or hammer brciik. 

The point of scientific interest in connection with the device, however, 
is the question how far such unilateral conductivity as is possessed by 
the vacuous space is complete. The electrical jiropertics of these 
vacuum valves have accordingly l>een stmlied. 

A bulb containing a 12*volt carbon filament rendered brightly in¬ 
candescent by a current of about 2*7 to 3*7 amp^^rcs was employed. 
The filament was surrounded by an aluminium cylinder. The length 
of the carlion filament was 4*5 cm., its diameter 0*5 mm., and surface 
70 square mm. 

The aluminium cylinder had a diameter of 2 cms., a height of 
2 cms., and a surface of 12*5 square cms. The filament was shaped like 
a horse-shoe, the distance between the legs being 5 mm. This filament 
was rendered incandescent to various degrees by applying to its 
terminals 8, 9, 10, and 11 volts respectively. Another insulated 
battery of secondary cells was employed to send a current through the 
vacuous space from the cylinder to the filament, connection being made 
with the negative terminal of the latter. The current through the 
vacuous space and the potential difference of the cylinder ajid negative 
end of the hot carbon filament wore measured by a |K»tentiometer. The 
effective resistance of the vacuous spatje is then taken to bo the ratio of 
the so observed potential difference (valve P.D.) to the cuixent (valve 
current) through the vacuum. 

The Allowing table records the observations. The column headed 
P.D. gives the potential difference between the hot filament and the 
cylinder, that headed A gives the current through the vacuous space in 
milliamp^res, that headed K the resistance of the space in ohms, and 
that headed KIO'^ is 100,000 times the conductivity. 

The result is to show that the vacuous space does not possess a 
constant resistance, but its conductivity increases rapidly up to a 
maxiiiium and then decreases as the valve potential difference pro¬ 
gressively increases. If we plot the current values as ordinates and 
potential difference of the valve electrodes as abscisses, we find that the 
current curve quickly rises to a maximum value and then falls again 
slightly as the potential difference increases steadily. The conductivity 
curve also rises to a maximum and thcti decreases (see fig. 3). 

Ths facts 80 exhibited are well-known characteristics of gaseous 

2 N 2 
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Table L—Variation of Current through, and Oonduetivity of, a 
Vacuum Valve with varying Electromotive Force, the Electrodes 
being an Incandescent Carbon Cathode and Cool Aluminium 
Anode. 


Carbon filament at 11 volta, 

Carbon niametit at 10 volts, 

j 3*77 ainp., 41*47 watU. 

3*44 amps., 

84*48 watts. 


Vacuum Space. 



Vacuum Space. 


P.IX 

A. 

R. 

KIO^. 

IM). 

A. 

R. 

KIO^ 

0*6 

0 *024 

25,(XK) 

4*0 

0*7 

0-014 

60,000 

2*0 

5 ‘4 

0*264 

20,560 

4‘86 

2*8 

0*078 

88,360 

2*6 

8’8 

0*480 

18,880 

6*45 

8*2 

0*892 

20,920 

4-76 

18 '2 

8*880 

4,691 

21 ‘4 

12*8 

0*824 

16,530 

6*66 

S2 ‘9 

26-790 

865 

118 *1 

10*2 

1*789 

9,316 

10 *70 

29-1 

28*02 

1,038 

96‘1 

20*1 

6*852 

8,766 

26-6 

37 1 

28 *426 

1,806 

76 ‘6 1 

23 *8 

9*68 

2,407 

41 ‘4 

49 0 

26 *60 

1,719 

68 -0 , 

35*9 

10 *087 

8,677 

28*0 

70-2 

26 *87 

2,618 

88 *3 ; 

4«-7 

9-794 

6,076 

20-0 

100 0 

24*86 

4,106 

26*0 } 

71*6 

8 *920 

8,027 

12 *6 





100 *08 

8*381 

12,010 

8-82 

Oarbon fllanxent at 9 volts, 8'112 amps., 28*0 watts. 

Vaouum Space, 

p.n. 

A. 

R. 

KIO*. 

R.D. 

A. 

H. 

K10», 

0*5 

0*006 

100,000 

1*0 

24*2 

2*889 

10,180 

10 *0 

2'5 

0-049 

60,020 

2*0 

28*2 

2*437 

11,660 

8-6 

6*2 

0 128 

40,625 

2*46 

86-6 

2*608 

14,690 

6*86 

8-8 

0*324 

26,620 

4*0 

48*6 

2*635 

19,170 

60 

8*8 

0*861 

24,380 

4-1 

68 *6 

2-374 

24,640 

4*0 

12*6 

0*70 

17,970 

6*6 

72*6 

2-268 

82,180 

8-0 

16-4 

1 -786 

9,452 

10*6 

102-0 

2*067 

49,360 

2*0 

20*4 

2*861 

8,677 

11 *2 






conduction in rarified gases.* It may be noted that there is in these 
current-voltage and voltage-conduction curves a general resemblance to 
the magnetisation and permeability curves of iron. 

To examine further the nature of this conduction, the following 
experiments were made. If a vaouum bulb, as described, is joixied up 
in series with a galvanometer and an electrodynamometer and an 
alternating electax)motive force applied to the circuit, the two instruments 
will both be affected. The galvanometer is, however, affecjted only 

* S«6 J. J. Thomson, * Cooduotton of Slootrioity through 0*«ae/ Chap. TIH* 
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Fi». s. 

Current through Vacuum in Milliamps. 



the resultant Oux of electricity in one direction. It meosuiee the 
unidireotional current. The dynamometer is affected by the bilateral 
Abac ol electricity and it measuret the total or altenmting current, If^ 
therefore^ the vacuous ^aoe is totally non-ecmducting in one directioii, 






484 


Prof. J. A. Fleming. Conversion of Eledric fJan. 24, 


one half of the alternating current will be cut out. The galvanometer 
will read the true mean (T.M.) value of the remanent unidirectional 
current, and the dynamometer will read the root mean-square (R.M.S,) 
value. If the conductivity in one direction is not aero, then the 
galvanometer will read the T.M, value of the difference of the po aitive 
and negative currents, but the dynamometer will read the R.M.S. value 
of their sura.* 

In the lost case, the current through the valve may be considered to 
be a continuous current superimposed upon an alternating current. 

If we call 1 the maximum value of the nearly sinoidal current in one 
direction, and T the maximum in the opposite direction, then we may 
say that the dynamometer reading (D) expressed in true current value 
is equal to g (I +1") where g is the amplitude factor^ and also that the 
galvanometer reading (G) in true current value is equal to gff (I - T) 
where / is the form fadm' of the current, t Hence—■ 


D .i + r 

6 


or 


D/G+/^ I 

-27' r-T* 


The fraction ^ say expressed as a percentage may be called 

U/G + j 

the rectifying power of the valve, for it expresses the percentage which the 
actual unilateral electric flow or continuous current through the valve 
is of that continuous current which would flow if the unilateral con* 
ductivity were perfect. 

Perfect rectifying power, however, does not exist. There is not an 
infinite resistance to movement of negative electricity from the metal 
cylinder to the hot filament through the vacuum, although this 
resistance is immensely greater than that which opposes the movement 
of negative electricity in the opposite direction. This point was 
examined, as follows : A very sensitive eleotrodynamomoter was 
skilfully constructed by my assistant, Mr. G. B. Dyke, the fixed coil 
having 2000 turns of No. 47 silk-covered copper wire and the movable 
coil 1000 turns. The suspension of the movable coil was by a fine flat 
phosphor-bronze wire at top and bottom. The deflection was observed 
by a mirror and scale. 


• If % ii th« in«tant»neou« valuo of & periodically varying current with maximum 
value I and periodic time T, then the root-mean-eciuard value Talus) of i 

is defined to be 

vr 

2 liT 

to be 1 idL 
'Tjo 

t 'Hhefbrm factor f%ud amplitude factor g are the n^mss giren by the author 
(see * AJlteriiatiiig Current Transformer,* J . A. Fleming, tol. I, p. 685, fird edit.) to 
the ratio ol the to the T.M. value of the ordinates of a single valued 

periodic oorre, and to the ratio of the E.M.fl. value of the ordixiafes to the 
maximum value during the period. 




and the true mean value (X.M. value) of t is defined 
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This dynamometer waa placed iu series with a shunted movable coil 
galvanometer of Holden-Pitkiu pattern, and the two together placed in 
series with a variable section of an inductiouless coil through which an 
alternating current was passing. A vacuum valve as above described 
was in series also with the galvanometer and dynamometer. The 
alternating current was derived from an alternator giving a nearly true 
sinoidal electromotive force. The form factor of the electromotive 
force curve of this alternator was determined and found to be 1*116, 
that for a true sine curve being 1*111. 

The vacuum valve sifted out the alternating current flow and allowed 
the currents in one direction to pass, but nearly stopped those in the 
opposite direction. The indications of the electrodynamometer were pro¬ 
portional to the root-moan-square (R.M.S.) value of the sum of the two 
opposite currents, and that of the galvanometer to the true mean value 
(T.M.) of their ditference. The galvanometer and dynamometer were 
both calibrated by a potentiometer by means of continuous current, and 
curves constructed to convert their scale readings to miliiamp^res. 
Then with various alternating current electromotive forces, their 
readings wez'e taken when in series with a vacuum valve and recorded 
in the following tables. The letter D denotes current in milliampi^res 
as read by the so calibrated dynamometer and G that read by the 
galvanometer. The ratio D/G is denoted by a, and the rectifying 
power, viz., 2//a+/by 

The table shows that the value of a is not constant, but for each 
state of incandescence of the filament roaches a maximum which, 
however, does not greatly difier from the mean value for the range of 
currents used. If wo set out the mean values of in a curve (see 
flg. 4), in terms of the power expended in heating the carbon iiiament, 
we see that the rectification is less complete in proportion as the 
temperature of the carbon fllament increases. This is probably due 
to the fact that as the iiiament gets hotter, it heats the enclosing 
cylinder to a higher temperature and enables negative electricity to 
e8ca|)e from the lattei. 

Hence, I feel convinced that if the metal cylinder could be kept 
quite cool by water circulation the rectification would reach 100 per cent, 
or be complete. 

An ideal and perfect rectifier for electric oscillations may, therefore, 
be found by enclosing a hot carbon filament and a perfectly cold metal 
anode in a very perfect vacuum. With a bulb such as that used for 
the above experiments all we can say is that the current passed 
through the vacuum is from 80 to 90 per cent, continuous, 100 per cent, 
implying that the vacuum is perfectly non-oonduoting in one direo- 
Idon and permits the flow of negative electricity only from the hot to 
the cold electrode. The necessity for keeping the cathode cold is 
shown by the following experiment:—^ An altornating-ourrent arc was 
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Table II.—Katio of Electrodynamoiaeter (D) to Galvanometer (G) 
Readings in Milliump^res. Form Factor* of E.M.F. Curve ** 
M15 ^/. 


Carbon filament at 11 volts, 3*77 amps., 41*7 watts. 


I). 

a. 

D/a - a. 

2//«+/=/*■ 

0*85 

0*57 

1 *49 

0*86 ' 


1*33 

0*85 

1*56 

0*83 


1'87 

1*16 

1*61 

0*82 

Meiin 
^ - 0*82 

2*30 

1*40 

1*64 

0*81 

3*20 

1*88 

1*73 

0*78 

3*52 

2*10 

] *68 

0*80 


4*64 

2*81 

1*62 

0*82 


Carbon filament at 10 volts, 3 

*44 amps., 34*43 watts. 

0*50 

0*34 

1*47 

0*86 ^ 


1*34 

0*86 

1*56 

0*83 


2*28 

1*48 

1*54 

0*84 


2*72 

1*68 

1*62 

0*82 

Mean 
^ - 0*83 

2*78 

1*71 

1*63 

0*81 

3*02 

1*87 

1*62 

0*82 


3*53 

2*17 

1*63 

0*81 


4*30 

2*92 

1*47 

0*86 


4*25 

2*88 

1*48 

0*86 


Carbon filament at 9 volts, 3 * 

112 amps., 28*0 watts. 

040 

0*31 

1*29 

0*93 1 


0-73 

0*50 

1*46 

0*87 


128 

0*83 

1*54 

0*84 


1-65 

1*15 

1*43 

0*88 


1'82 

1*26 

1*44 

0*87 

Mean 
^ « 0*89 

1-78 

i*26 

1*41 

0*88 

1-93 

1*35 

1*43 

0*88 

l'»4 

1*41 

1*38 

0*89 


1-87 

1*41 

1*38 

0*91 


1-83 

1*39 

1*32 

0*92 


1-73 

1*37 

1*26 

0*94 



formed between carbon rods, and an iron rod wae placed so that its 
end dipped into the arc. An ammeter was connected in between 
either carbon and the iron rod, and indicated a continuous current of 
negative electricity flowing through the ammeter from the iron rod to 
the carbon pole. This current was, however, greatly increased by 
making the iron rod of a piece of iron pipe closed at the end and 
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"kept cool by a jet of water playing in tbe interior. In this manner 
I have been able to draw off a continuous current of 3 or 4 amperes 
from an alternating-current arc using 15 alternating-current amperes. 

Returning^ then, to the vacuum*valve, we may note that the curves 
in fig. 3 show that the vacuous space possesses a maximum conduc¬ 
tivity corresponding to a potential difference of about 20 volts between 
the electrodes, for the particular valve used. The interpretation of 
this fact may, perhaps, be as follows:—In the incandescent carbon 
there is a continual production of electrons or negative ions by atomic 
dissociation. Corresponding to every temperature there is a certain 
electronic t/cnsion or percentage of free electrons. If the carbon is 


Fio. 4. ' 



made the negative electrode in a high vacuum these negative ions are 
expelled from it, but they cannot he expelled at a greater rate than 
they are produced. Therefore, there is a maximum value for the 
outgoing current and a maximum value for the ratio of current to 
electromotive force, that is for the conductivity. 

This fact, therefore, fixes a limit to the utility of the device. The 
current through the vacuous 8[iace is, to a very large extent, in¬ 
dependent of the electromotive force creating it, and is at no stage 
proportional to it, or at least only within a narrow range of electro¬ 
motive force near to the maximum conductivity. 

Whilst, therefore, the device is useful as a simple means of detecting 
electric oscillations, it has not that uniformity of conductivity which 
would make it useful as a strictly metrical device for measuring them. 
It can, however, perform the useful service of showing us how far any 
device for producing electric oscillations or electric waves produces a 
uniform or very irregular train of electric oscillations, and what 
chwttges conduce to an improvement or reduction in the efficiency of 
tihe transmitting device. 
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On an Instrument for the Measurement of the Length of Long 
Electric Waves, and also Small Inductances and Capacities.” 
By J. A. Fleming, M.A., D.Sc., F.B.S., Professor of Electrical 
Engineering in Univensity College, London. Keceived January 
26,—Read February 9, 1905. 

The measurement of the length of the waves used in connection 
with Hertzian wave telegraphy is an important practical matter. 
Since the wave-length of the radiated wave is determined by the 
frequency of the electric oscillations in the radiator, the determination 
of this frequency is all that is required. The principle of resonance is 
generally called into assistance to effect this measurement. It may be 
done by the employment of either an oi>6u or a closed resotiant circuit. 

Instruments for this purpose have been devised in which some circuit 
having capacity (C) as well as inductance (L) in series with each other, 
has one or l>oth these factors altered until the electrical time-period of the 
circuit agrees with that of the wave making circuit. Since this agree¬ 
ment depends upon the equality of the product ^/CL for the two 
circuits, the author proposes to call this quantity ^CL the oscillaMm 
of the circuit and the uimiber of oscillations in %ir seconds or 
Sttw, where n is the frequency, the oscillaHm nurrdxr. Then it is a 
property of simple oscillatory circuits that the product of the oscillation 
number and oscillation consUnt is unity. Some means has, therefore, 
to be employed to indicate when the adjustment of the two factors of 
the adjustalJe circuit htia brought its oscilktion constant into agreement 
with that of the transmitter circuit. In a wave-meter devised by 
J. Dbnitz,* which is of the closed circuit form, a condenser of variable 
capacity has its terminals short-circuited by an inductance coil, and 
this coil is acted upon inductively by some part of the transmitter 
circuit 80 that oscillations are set up in it. A variation of the capacity 
is made until the root-mean-square value of the current in its circuit is 
a maximum. This is done by the employment of a sensitive form of 
hot wire ammeter. 

There are, however, some objections to this form of wave-meter, and 
especially to the use of a hot wire ammeter. The root-mean-square 
value of the oscillation depends not only upon the maximum value and 
logarithmic decrement of the oscillations, but upon the number of 
groups of oscillations per second. Hence, if the discharger of the 
transmitter is an ordinary spark discharger, the variation of the 
oscillations due to variation in the break speed or spark-ball surfaces 
and, therefore of the root-mean-square value of -the current set up in 

* S«« Jt. DCnits, ** Ou Ware Meters and their Usee/* * Blecktroteohnieohe 2^it* 
tohriit/ roL 2i, p. 920, 190S, Kov. also *Xhe BleoMUn/ voL p. 407, 
Jan. 1,190*. 
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the wave-meter circuit will be considerable. There is, therefore, some 
difficulty in finding the position of adjustment sharply. 

Another point calls for attention. It is well known, from the theory 
of syntonised circuits, that if two circuits having capacity and inductance 
are brought into inductive relation to each other, the resulting complex 
circuit has two time-periods of oscillation. Even if the two circuits 
when separate and far removed have their time-j)eriods adjusted to 
equality, the resulting time-period when they are brought into inductive 
relation to each other differs from the common value. There are, in 
fact, two frequencies in the coupled circuit, one greater and the other 
less than the common period. These, however, tend to equality and 
to indent!ty with the free independent period of each circuit separately 
in proportion as the mutual induction between the coupled circuits is 
reduced."*^ The object, therefore, held in view in designing the 
instrument here described was to construct one which, whilst having a 
fairly largo inductance of its own, should bo capiiblo of being associated 
with the circuit to be tested, and set in action by it, by means of a 
mutual inductance as small as possible. 

This has been achieved by making the part of the circuit of the 
instrument which is acted upon inductively by the circuit to be tested 
only a small part of the circuit on which its whole inductance depends. 
We are thus able to keep the self-inductance large and the mutual 
induotance small, and therefore prevent any great reaction of the 
secondary current upon the circuit which is being tested. 

A closed circuit wave-meter has been devised on these lines by the 
author, employing a noon vacimni tul>e detector, which enables the 
* measurement of the oscillation-constant of the transmitter circuit to 
be made with great accuracy and quickness, and is also useful for 
measuring small inductances and capticities.f 

It is constnxetod in one form, as follows;—An ebonite tube, about 
100 oms. long, has cut upon its outer surface a screw groove having 
1 '6 turns per centimetre and a length of 60 cms. is cut. In this groove 
is wound a bare copper wire, SK No. 14 S.W.G. size (see fig. I), 
one end of the wire is attached to a metal pin which forma a bearing 
supporting the tube, and the other end of the wire is insulated. To 
this latter end of the ebonite tube is attached a brass tube I 60 cms. 

* See A* Oberbeck, “ Ueber den Verleuf der Electriwben Sohwingungen bei den 
TcisWaohen Vowuchen,'* * Wied. Auualon der Fhyiik,’ toI. 66 , p. 627, 1896. 

t The use of a neon vacuum tube aa a sensitiTe indicator of a high-frequenojr 
electric field waa mentioned firet in a paper read b;’ the author to the British 
Aiaociatioa at Cambridge, September, 1904. The author ia indebted to Sir 
Willtatn Kanuaj for two^ tabes of thia gae. Sir Jam^ Dewar has shown that 
•noh noon vacuum tubes can be readily prep:ired from atmospheric air by the 
employment of absorbent charcoal at vety low temperatures. It would he an 
advanitage if the manufacture of these neon tubes could be placed on a oommarcial 
basts, in view of their utiUty for the purposes here deecribed. 
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in length and 8 cnis. outside diameter- Over this brass tube is placed 
an ebonite tube the sides of which are 6 mm. in thickness and its 
length 80 cms. This ebonite tube fits tightly on the brass tube. The 
brass tube is closed at the end remote from the inductance coil by a 
plate and a pin which forms a bearing for the whole apparatus. 
Over the larger ebonite tube is slipped a metal cylinder or outer jacket 
J which can slide easily on the ebonite tube. This jacket carries a rod 



ending in a half-collar of metal K resting on the inductance spiral (see- 
fig. 2). An el>onite handle H enables the jacket to be moved to and fro. 
It will be seen, therefore, that the arrangement constitutes a condenser 
formed of the inner and outer brass tubes separated by an ebonite 
diolectiic, the capacity of which can be varied by moving the outer 
jacket away from the inner. Also this condenser is in aeries with an. 
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inductance coil, the inductance of which is reduced or increased by the^ 
same movement which reduces or increased the capacity. The 
oscillation constant of the arrangement is, therefore, variable between 
oertairx limits, and its variation with the displacement of the handle H 
follows a straight line law. 
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The pirw pif fs (see fig. 1 ) which form, respectively, oae of the 
terminations of the inductance and capacity, are connected together by 
a stout copper bar Li, L^, Ls, L 4 , so completing the electric circtiit, the 
capacity and inductance of which can be varied Tn order to detect 
the condition in which the oscillations have a maximum value in this 
circuit, a vacuum tube V is employed (see fig. 1), which may preferably 
be a vacuum tube containing neon, or failing that, a tul>e containing 
rariliod carb<>nie dioxide may be used, the glass J>eing uranium. This 
vacuum tube should be constructed with two bulbs and with a tiarrow 
tubular portion like a spectroscope tube. It may be attached to the 
outer bnisB jacket as in fig. 1 , or it may be att/tched to a Ijfir connected 
with the inner brass tube, the vacuum tube being hung over the outer 
jacket. Also a scale is provided showing the position of the sliding 
jacket and which, therefore, can be graduated to show the oscillation 
constant of the arrangomeiit for various positions of the jacket. 

Supposing then that wo desire to determine the frequency of the 
oscillations in any wire such as a Marconi aerial wire used in llertzian- 
wave telegraphy, part of this wire is laid alongside the copper bar and 
tho oscillations in it induce others in the circuit of the wave-meter. The 
oscillation constant is then varied by moving the outer jacket by means 
of tho insulated handle II until the vacuum tube V glows most brightly. 
If proper adjustments are made of tho position of the vacuum tube, it 
will be found that the tube does not shine at all until the outer jacket 
J is within a few millimetres of the position in which the oscillation 
constant of the instrument agrees with tlnit of the circuit being tested. 
By taking two or three readings with the jacket, a little too far one 
way and a little too far the other way and approaching the right 
position from both sides and taking tho mefin scale reading, it is 
possible to obtain the oscillation constant with great accuracy. If the 
capacity is measured in microfarads and the inductance m centimetres, 
then it will be found that the oscillation constajit requii-ed is generally 
some numl>er lying between 1 and 20 . The instrument already con¬ 
structed by the author on this pattern is adapted for the determination 
of oscillation constants lying between 0T6 and 7‘6. 

In the case of Hertzian-wave telegraphy conducted on Marconi 
principles, the wave-length employed, reckoned in feet, is equal to 
196*8 times the oscillation constant of the transmitter circuit, or 
reckoned in metres, to 59*73 times the oscillation constant. Hence, 
the above described instrument is capable of measuring wave-lengths 
from 30 to 1600 feet, and might easily }>e construct^ to measure 
wave-lengths of any greater length ♦ 

By a slight modification, the instrument can be constructed more 
simply as follows: A single ebonite tube is employed which may be 

** JMrmry II, 1005.—The author hm smoe constructed one to measureolectrio 
waree up to 2400 feet in length. 
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a metre or a metre and a-half in length and 10 cms. outside diameter, 
the thickness of the walls being about 6 mm. On this tube is wound 
as before an inductance coil of 100 or 200 turns of No. 14 S.W.G, 
bare copper wire. Also the tiibo is provided with an outer jacket or 
bnvss outer tube J (see fig. 3). This is conveniently formed out of 
the sheet of thin })ra8s bolted round the tube, and one end of the 
inductance coil S»S is attached to this jacket, the other end of the coil 
being attached to a brass ring af, carrying an ebonite handle H. In the 
interior of this ebonite tube, at one end, there is art inner brass tube I 
which can slide easily in and out of the ebonite Uibo This brass 
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tube has a pin ;/ fixed at one end, by which it is attached to a copper 
bar Li, La, La, 1^4, ending in a curved crutch or collar K on which the 
inductance spiral rests (see fig. 4). The other arrangements are as in 
the instnmient already described. 

The only difierences between the forms shown in fig. 1 and fig. 4 
are that in fig. 1 the outer metal jacket is movable and the inner one 
is fixed, whereas in the second form, the outer jacket is fixed with 
respect to the inductance coil, and the two together are drawn away 
from the inner brass tu>>e, thus reducing the capacity and inductance 
at the same time. The instrument is very convenient for the measure¬ 
ment of small inductances. Thus, for instance, suppose it is desired 
to measure the inductance of a wire for high frequency currents, the 
wire having an inductance of not more than a few hundred centi¬ 
metres, that is to say, something of the order of a microhenry, this 
inductance may be measured by the instrument in the following 
manner :—An insulated wire AB (see fig, 5) is laid alongside the 
copper bar and the circuit of the wire is completed by a con¬ 

denser C of known capacity and a spark gap S. Oscillations are theh 







1905,] Mmmivemmt of the Length (f Long Slectric do, 498 

Bet up in this condenser and wire by means of an induction coil os 
usual, and the handle H iw shifted until the vacuum tube V glows or 
glows most brilliantly. We then know that the oscillation constant of 
the instrumont in that position agrees with that of the circuit so 
formed. When that is the case, the oscillation constant of the wave- 
meter can be read off in the scide attached to it, and we, therefore, 
know the oscillatioji constanl. (call it O) of the circuit formed by the 
condenser and the wire. Hence, if G is the capacity of the condenser 
in that cij'cuit and L is the inductance of the wire of the circuit, then 
0 ,^/CL. If, then, we increase the inducUnco L by adding in scries 

with it a wire of which the inductance is <lc 8 ircd (call it T/), we can 
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then shift the handle H until we get a fresh agreement and find a 
second value O' for the oscillation constant of the circuit. Then we 
have 


O' - x/C (L + L'> 


Hence 


L' 




O02 

c " 


As an illustration the following test measurement was made. A 
copper wire, the diameter {d) of which was 0*128 or 0*32 cm. was bent 
into a nearly complete circle 70 cms. in diameter. The inductance of 
this wire can be calculated from the formula 

L' = 2irD(log.i^^^-2-46)+J^. 

In the above case D=*70 cms., and (/^ 0 *S 2 cm., and R'is the 
resistance of the wire to oscillatiotts having a frequency n. The value 
of L' is then 2400 cms. This wire was joined in series with another 
wire laid alongside the bar L^, L 4 of the measuring instrument and a 
condenser having a capacity of 0*00146 microfarad joined up in series 
with the oircuit and a spark gap. The instrument was then used to 
determme the oscillation constant O' of the circuit with the circular 
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wire included, and the oscillation constant 0 when the circular wire 
was not included. It was found that O' ^ 3*5 and 0 « 3*0, Whence 


j, 12*25-9 
“ 0*66146 


2226 cms., 


a value in fairly close agreement with the calculated value, considering 
that the inductance is leas than 2*5 microhenry«. 

Iii this maimer it is possible to determine the iiKluctanco of a foot 
or two of coiled copper wire for high frequency currents with fair 
accuracy. The oscillation constant of an instrument of the above form 
for various positions of the outer jacket or inner jacket, according to 
the form used, can I)e8t be determined directly by means of a standard 
wave-meter, such as that described by the Author in a paper to the 
British Association at Cambridge, September, ]904.‘’^ 

In this last mentioned aTrangomont, a long ebonite tnbe is woimd 
over uniformly with a fine silk-covered copper wire in closely adjacent 
turns and in one layer. The capacity and inductance per unit of 
length (r and /) of this long helix must then l>e determined by known 
methods, and from this measuiemoiit we can determine the velocity of 
propagation of an electric wave along the helix, for it is equal to the 
reciprocal of the square root of the product of the cajmcity and 
inductance per unit of length of the helix. If we form an oscillatory 
circuit (see fig. 5), consisting of a condenser, C, a variable inductance, 
L, and a spark gap, S, the variable inductance including u length 
of straight wire AB, which can be placed parallel with, and close 
to, the copper Imr of the form of wave-meter described in this 
paper, then we can l>ring its oscillation constant into agreement 
W'ith the oscillation oonsUnt of the circuit formed of the variable 
inductance and condenser. In order to fletermine the value of this 
oscillation constant we connect the long helix above described to one 
terminal of the condenser of the oscillating circuit above described, 
one spark ball being to earth. The arrangement must be as shown in 
fig. 6. The long helix of insulated wire HH is then pix^vided with a 
sliding metal saddle D, which can be connected to the earth E, and 
this saddle is moved along the helix until a position is found such 
that by means of a neon or other sensitive vacuum tube V, we can 
detect a node of potential half-way l)etweon the saddle and the point 
of attachment of the helix to the oscillating circmt, the saddle itself 
being connecte<i to the earth will also be a node of potential. Hence 
the ^stance between the saddle and the end of the helix attached to 
the oscillating circuit is equal to one wave-length of the wave travelling 
along the helix. 

• See J. A. Fleming*" On the Propagation of Klecferio Waves along Spiral Wire*, 
and on an Appliance for Meaeurlng the Length of Wavee used in Whalewi Tele* 
graphy,*' * Phil Mag.,* October, 190A 
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If W is the yelocity of the wave along the helix and K U the imr^ 
length of the stationary wave, as measured on the helix, and n th» 
frequency of the oscillations, then W»aX. If G is tiie capacity and 
L the inductance in the oscOlatory circuit formed with the condenser 
of unknown capacity and variable inductance, then the frequency in 
this circuit is w «l/27r 

Also if c and / are the capacity and inductance per unit of length of 
the long helix, we have W *= 1/ aJcI Therefore 



A 

27r JUL' 


or 


\/CL " ^ Jci 


Fi0. 6, 



Hence, since A can be measured, and the oscillation constant of the 
helix per unit of length ^ is known, we have the oscillation constant 
of the exciting circuit, and therefore of the closed circuit wave-meter in 
any position when it is adjusted to agree with that circuit. Otherwise, if 
we have the means at ban^ the oscillation constant of the instrument can 
he deteimined for various positions of the slider by simply measuring 
the eiqpaoity (C) of the condenser and inductance (L) of the helix which 
are effiiKstive in that position, and calculating the value of {or 
yarkms poidtbns of the outer or inner jacket, according to the fomi of 
instnaneht us^^ The instrument can have its scale marked to show 
d^tiy either oscillation constants (0) or frequencies (a), or aerial 
lengths (A) in metres or feet. The instnanent is not only u»^ 
work in connection with Heiteian^avetelegiii^y^^^^^^b^ 

, . 2 o' 
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ia very uaeful in the luiboratory for the determination of the coefficients 
oi coupling and mutual inductances of oscillation trajiafoniiers. 

If there be two circuits inductively connected, forming an air core 
transformer or oscillation transformer, and if these oirouits liave 
respectively coefficients of self-induction h and N, and a coefficient 
of mutual induction M, then we can determine L and. N and M* if 
these are not too large, by the instrument, and also the coefficient 
of coupling** of the transformer, viz., M/v^LliT. 

For this purpose we connect the two circuits of the transformer in 
two ways. Ist, so that a current sent through the circuit flows round 
in the same direction in the two coils; and 2nd, so that it flows 
in the opposite direction in the two coils. In the first position, the 
effective inductance of the whole system is Li, where Li ~ L + 2M 4* N, 
and in the second position it is Lj, where L 2 =^Ii2M + N. Hence, 
Li 4-L2 » 2(L + N), and Lj -L 2 , = 4M. Accordingly, we make four 
inductance measurements with the instrument. Ut, that of the primary 
coil alone, the secondary being open; 2nd, that of the secondary alone, 
the primary being open; 3rd, that of the primary and secondary 
together joined up to assist; and 4th, that of the primary and secondary 
together, joined up to oppose. 

Twice the sum of the first two measurements should agree with the 
second, and one quarter of the difference of the last two gives the 
mutual inductance. Having therefore L, M, and N, we can calculate 
the coupling, M/ \/LN. 

In making measurement of this kind with high frequency currents it 
is necessary to bear in mind that we cannot obtain the true separate 
inductance of the primary coil simply by measuring it with the 
secondary coil over it, even if that secondary coil has its terminals 
open. ITiere is a quite sensible dielectric current which passes from 
turn to turn of the secondary coil when over the primary, even if that 
secondary coil is open, and this dielectric current has the effect, in 
accordance with well-known principles, of reducing the effective 
inductance of the primary circuit. Nevertheless, in the above measure¬ 
ment it is proper to taka m L the inductance of the primary measured 
in ooBtiguity to the open secondary, and as the v^ue of N the in- 
ifaictsaee ol the secondary measured in contigiuty to the open primafy. 

As an exami^ of such a measurement the following figures may be 
given. A certsan air-core tnansformev had a primary ooumstang of 
one turn of thiok stranded copper wire, and a seooudaiy of eigib^i turns 
oi thinner stranded wire. Measuring as above desoriM, the folbwhsg 
valuiss in eentimeltes were found by the appliance hm d 0 imibed >^ 

L =» 695 cms., N =» 46,700 cms. 

53,000. oius. 

Lgw L —SM+N » 40,130 ,, 
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Emee M Khi-L^) « 3,220 oms*^ 

ftnd ^ (Li + U) « 46,560 „ 

whilst from the independent measurements of L and N as above we 
have, 

L 4 * N =« 46,385 cms. 

Hence, the agreement between the last two sums is fairly close. 
Also the coupling M/ \/LN is found to be equal to 0*57. 

It is usual to call the “ coupling” of a piimary and secondary coil 
“close” if it exceeds in value 0*5, and “loose” when it is leas 
than O'o. 

The wave or frequency meter enables us to exhibit in the form of an 
attractive lecture experiment the well-known fact that the closing of 
the secondary circuit of an induction coil or transformer reduces the 
eifective inductance of the primary coil. Also since it enables us to 
determine the frequency (n) of a high frequericy current, and it enables 
us to determine also the value of the high frequency resistance R' of 
a round sectioned copper wire of which the diameter d and steady or 
ordinary resistance R is known, since 

R'-’iJvi.U, 

it becomes, therefore, a useful addition to laboratory appliances. 

Ifi Hortzian-wave telegraphy tlio varying power of waves of various 
lengths to travel over land or sea surfaces is well known, and it is, 
therefore, a practical necessity to be able to measure the wavedengtha 
of the wave sent out. The wave-meter enables us to conduct a kind 
of spectroscopy on a gigantic scale when we are operating with electric 
waves hundreds of feetvin length instead of fractions of an inch. 

We can by means of it discover, for instance, that a wave 300 feet 
in length travels well over a sea surface, but will not go across a city. 
On the other hand, the author been able to communicate well 
across London by means of electric waves 1000 feet in wave¬ 
length. 

[Note addedf Fdrmiij 14, 1905.—The above-described instrument 
enables us to show that, in the case of an aerial wire or antenna, as 
nse^ ki wireless telegraphy, inductively coupled to a conderwer 
excitii^ circuit, even if the two circuits, open and closed, have 
separately the same electrical time period, yet, when coupled, there 
are two waves radiated of different wave-lengths and frequencies, 
differing also in period from the free separate time period of each 
circuit This result, predicted by theory, is confirmed by experiment 

A name is required by which to designate the instruments here 

2 0 2 
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described, and others of similar nature. The word wave-meter may 
probably be preferred in practice, but, if a special term is desired, the 
author suggests, with diffidence, the name (JyTmmister or Kyrmmitft 
(from KVfictf a wave) as applicable to it.* 


*'The Effects of Momentary Stresses in Metals/* By Bekteam 
Hoi’KINSON, M.A., Professor of Mechanism and Applied 
Mechanics in the University of Cambridge. Communicated 
by Professor Ewing, F.K.S. Received January 31,—Read 
February 16, 1905^ 

In 1872 the late Dr. John Hopkinson published an investigation 
into the effect of a blow delivered by a falling weight on the lower 
and free end of a wire, the upper end of which is fixed,t It is 
unnecessary to repetit the mathematical analysis in full, but its main 
features appear in the following argtiment:—As soon as the weight 
strikes the stop at the lower end a wave of extension stots up the wire, 
and the velocity with which it is propagated is -s/E/p =« a, where E is 
Youug^s modulus, and p the density of the wire. At a time i after the 
weight has struck, so short that its velocity is not appreciably 
diminished, the lower end of the wire has moved through a distane© 
Yif where V is the velocity of the weight immediately after striking. 
That is to say, the wire as a whole is lengthened by an amount V/, 
This extension is felt over a distance ai from the lower end, that being 
the distance through which the wave of extension initiated by the blow 
has travelled. The mean strain in this portion of the wire is ther^ 
fore V/a, and the remainder of the wire is not extended. The wave 
now travels up the wire to the fixed end, and when it reaches there a 
reflected wave of equal amplitude starts down the wire. There results 
momentarily at the top end of the wire a strain equal to 2V/a with a 
corresponding tension 2EV/a. This is the maximum tension experienced 
by any part of the wire until the reflected wave again reaches the lower 
end. 

Each bit of the motion of the weight after striking contributes an 
element to the wave of extension, which is proportional to the then 
velocity of the weight. The weight is continually being retarded, and 
the amplitude of the wave therefore continually ^miniahes as you go 
back fr^ its front. 

* IHie writer it indebted to hit coUeagwe, Frofeaior A. Platt, for adrioe ea 
Uie eorreot fom of these words. 

t * Ordinal Paper*,'Eopkbetnk, vol. 2, p. 816, 
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In Fig. 1 the ftbsciasea are distances measured from 0» the free end 
of the wire; the ordinates are the strains, and any one of them, say 
is equal to r/a, where v is the velocity which the weight had 
when the bit of wave at P left it. If t be the time, reckoned from 
the ^loment of striking, ON >« aiy and it is easy to show that 


P'N' - PNr 


a 


whore is the mass of the wire per unit length, and M the mass of the 
weight. The wave of extension represented by the curve and its 
dotted continuation travels up the wire without change of type to the 
upper end, where it is reflected, and a similar wave travels down the 
wire, the effect of which is added to that of the origirml wave. The 
strain at any point of the wire, such as N', is zero till the wave reaches 
it. The strain then becomes V/a, and gradually diminishes according 
to the exponential law until the reflected wave reaches N', 

when the strain increases by V/a again. Further reflection will occur 


Fio. 1. 



at the moving weight, but in my experiments this is not considerable, 
and the maximum strain experienced at any point of the wire, at any 
rate in the upper half, occurs when the reflected wave reaches it. If 
m* be the distance of the point from the upper end, the total Btsrain dim 

to the up-going and down-coming waves then is {1 The 

a 

movement in space of any point N' before the reflected wave reaches 
it is equal to the area of the curve PNK'F. For the point in question 

this is ^ (1 The strain caused by the blow is added to 

fUl ' 

any initial strain in the wire. When, as is usually the case, the wire 
is nxider tension at the moment of the blow, and the tension is released 
by the blow, the initial strain in the wire is somewhat diminished by 
^e time the wave reaches the top end; superposed upon the exteiisioh 
oani^ by the blow there is a slight contraction due to the releae^ of 
the tension at the lower end at the moment of strikittg. The dltimate 
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remilt ia that the total incroaae of length, caused by the blow, of a 
piece ^ at the top end of the wire is 


MV 

"/uz' 


(1 



(I) 


where T is the initial tension. In my experiments is small, and 

its square may he neglected. The expresBion then becomes 



The second term is a small correction, but cannot in all cases be 
neglected. The piece of wire lengthens continuously as the wave 
posses over it, and begins to contract when the reflected wove arrives 
at its lower end. The extension then has the value given by expression 
(1). These results are all to be found in Dr. Hopkinson^s papers cited 
above, or follow at once from the results there given ; and so it does not 
seem necessary to repeat the proofs here. 

In the same paper Dr, Hopkinson gave the result of some rough 
experiments which went to confirm the principal conclusion from this 
analysis, namely, that the power of a blow to ruptuie a wire should be 
measured rather by the velocity with which it is delivered than by its 
energy or its momentum. It also appeared, iwi might be expected, from 
the mathematics, that the wire was most likely to break at the upper 
end 

In these experiments, made over 30 years ago, the only available 
means of estimating the momentary stresses produced by the blow was 
the effect they loft upon the wire, rupture. As the mathematical 
treatmeijt proceeds upon the assumption that the stress and strain are 
everywhere and always proportional, it was not to be expected that it 
could give more than a very general indication of the impulse necessary 
to rupture the wire, With the appliances now available, however, I 
think that experiments on these lines are capable of yielding a good 
deal of information about the effect of stresses applied for a very short 
time, such as are mot with in most cases of shock. The practiool 
importance of such information need not be insisted upon. 

1 have, therefore, made some experiments of the some kind, but 
instead of rupturing the wire I have used blows which leave but little 
permanent extension. I have measured the momentary extension of 
a few inches at the top of the wire, and compared this with the 
extension as calculated from theory and given in expreesion (1) above. 
If the two agree, and if not much permanent extension is it is 
clear that the theory is correctly applied, and that the stresses in the 
materiiJ may be cedoulated from it. Moreover, we know that the 
material must be substantially elastic up to the moxiinum stress ah 
osicukted if applied for the time given by the theoiy^ 
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lie general result that 1 hare obtained is that iron and copper wires 
may be stressed much beyond the static dastic limit and tfvmtL beyond 
their static l>real£ing loads without the propoi'tionality of stresses and 
strains being substantially departed from, provided that the time 
during which the stress exceeds the elastic limit is ol the order of 
1/1000 second or less. 

The wire was in each case of No. 10 gauge, and about 30 feet long; 
it was hung in a vertical chase in a wall, the upper end being firmly 
fixed in a block of iron, weighing about 20 lbs., the ends of which were 
built into the wall. This block carried a vertical steel nnl, at any 
point of which could be clamped the contact-making device for 
measuring the momentary exteiisiorL The construction of this 
sufficiently appears from the figure. The light hard steel point A is 
fixed to the wire at a certain distance, usually 20 inches, from the upper 
end. The wire having Ixsen drawn taut preparatory to the experiment, 
the insulated spring S is pushed up by the micrometer screw until 
contact is made with the point as shown by the deflection of the 
galvanometer. The spring is then withdrawn by the amount of 
extension expected; the blow is delivered and the galvanometer shows 
whether contact between the point and the spring has occurred or not. 

By using a sensitive ballistic galvanometer without any resistance 
in series With it, it was found quite easy to determine the instantaneous 
extension of 20 inches of wire correct to 1/1000 of an inch, that amount 
of difference in the position at which the spring is set converting a big 
throw of the galvanometer into no deflection at all. In a few cases a 
second point was added with a similar contact spring close to the upper 
end of the wire, in order that any displacement of the wire relative to 
its supports might be detected. But I found that if the wire was soft 
soldered into a bolt about 3 inches long screwed into the block, this 
precaution was iinnecessary. 

The falling weight was a cylindrical piece of steel weighing 1 lb,, 
with a hole drilled along its axis which was a loose fit on the wire. 
The wire was kept taut by a spring balance attoebed to its lower end, 
the tension in which cmdd be varied from 20 to 200 lbs. The stop 
struck by the falling weight was a metal sleeve slipped over the wire 
and soldered to the lower end. It was made as light as possible so 
that the velocity of the weight should not be much diminished at 
impact. The velocity at impact was calculated from the height of fall, 
_ 

being taken as ^ where M is the mass of the weight, and m 

that of the stop. 

From time to time the permanent extension on the 20 inches was 
mewred by again pushing the spring into contact with the wire whm , 
nudisr stea^ tensum. No anidyses were made of the inidamalsb 
hecaiiae, at the present stage, aQ that I desire to do is to comjper^ 
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effects in the same material of impulsive and of long oontinaed stress. 
The nature of the material, however, sufficiently appears from the statie 
tests. 

Irm IFire .—This was bought aa iron wire, No. 10 gauge. Its 
diameter was 0T275 inch. After placing it in the chase it was heated 
to redness and stretched, to straighten it The annealing softened it 
materially, and somewhat unequally in different parts. 


Fro. 2. 



The following was a set of observationa on this wire, whudi k 
typical:— 

Steady tension 60 lbs.—Height of fall 6 feet 
Contaot point 20 inches from the upper end. 

One division on mierometer head « 1/2000 in(h «• l/4000(Mh |krt 
Micrometer reads 34*6 with a steady load ol 50 lbs. when ccmteel 
first made on the spring being pushed up, 
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Micrometer aet at 110*5 (76 dixosions extension). No contact virhm 
weight let fall. 

l^peat the blow.—No contact. Bepeat.—No contact. 

Micrometer with steady load of 50 lbs. now reads 34*6. 

Micrometer set at 109*6 (76 divisions extension). No contact. 

Altered to 108*5, Contact occurred; the galvanometer spot went 
half across the scale. 

Eepeac.—Contact again. 

Steady micrometer reading after this 36*0, 

Micrometer sot at 111 (75 divisions extension). No contact, 

Bepeat.—No contact. Repeat.—No contact. 

Steady reading now 36*0, 

Micrometer set at 110 (74 divisions extension). No contact. 

Bepeat.—Contact occurred. 

Steady reading now 37*0. 

Hence, the instantaneous extension in this case is 74 micrometer 
divisions, and the permanent extension produced by 11 blows is about 
2*5 divisions. 

Then followed a set of 4 blows with a 10-foot fall, and with 20 lbs, 
tension. They resulted as follows:— 

Steady reading 7*0. Set at 110 (103 divisions). Contact. 

Steady reading 20*0. Set at 126 (105 divisions). No contact. 

Steady reading 29*6. Set at 132 (102divisions). Contact. 

Steady reading 42*0. Set at 148 (106 divisions). No contact. 

Steady reading 62*6. 

Henee, the extension produced by the blow is probably between 
103 and 105 divisions, and almost certainly between 102 and 106. 
Permanent extension produced by 4 blows « 45*5 divisions, or just 
over 1/lOOOth part. 

Now static tests on this wire showed that a load of 390 lbs. extends 
it by 1/lOOOth part. Also /* its mass per foot is 0*0435 lb. Hence 

A A /39();odo"xl2 AAA X 1 

«- V “ V -- 5:0435 — 


The mass of the stop was 0*04 lb. Hence V, the velocity just after 
impact, is, with a 6-foot height of fall, 17 *2 f.s. Also since x' » 1*66 feet; 

M 1 

ynrther, T » 60 lbs. *« 1600 poundals, and it will be found that 



is about 0*4 thousandth of an inch, or 0*8 micrometer 


division. Substituting these figures in the expression (2) above, the 
extetiekm on the 20 inches, os calculated, is 37*2 thousandths ^ an 
iadi, or^ saji 74| ndorometer dividons. The observed extendon is 
74 ^visions, which is dose agmment This, coined with the foot 
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that the permanent extension produced on the 20 inchee i« negligible, 
is fairly conclusive evidence that the theory is applicable in this case, 
and that the material is almost perfectly elastic up to the highest 
stress as calculated from the theory. The maximum strain at the top 
of the wire is 2V/a, or 34*4/17 thousandths. The ooiresponding 
tension is about 790 lbs. To this roust be added the 60 lbs. steady 
tension, making a toUil of 840 lbs. as the maximum stress experienced 
by any portion of the wire. The mean tension in the top 20 inches, 

where the extension is greatest, is (. x -f 60, or 770 lbs. 

\4:0,UvU / 

Now, after the completion of the experiments, the top 20 inches of 
the wire were cut out and tested statically with a Ewing's extenso- 
meter. There was perceptible failui-e of elasticity at 600 lbs., very 
marked yielding at 700 n>8. (which produced a permanent extension 
of nearly 1 per cent.), and at 800 lbs. the wire drew out very rapidly 
and finally broke. 

With a fall of 10 feet and a steady tension (T) of 20 the 
calculated extension will be found to be 53 thousandths of an inch, 
or 106 micrometer divisiems. This, again, agrees very well with the 
observed^ extension of 104 divisions. In this case the calculated 
maximum tension at the top end is 1160 lbs., and the mean tension 
on the 20 inches al>out 1000 ll>s. Of this extension, however, about 
11 per cent, is permanent, so that there is some failure of elasticity, 
and it is improbable that the maximum stress quite reaches the calcu¬ 
lated value. It is practically certain, however, that it exceeds the 
mean stress corresponding to the tiladic. part of the maximum extension 
in the top 20 inches, vk., about 900 lbs. 

Next as regards the time for which these stresses are applied. 

The strain at the top of the wire is 2 —where t is the time which 

a 

has elapsed since the wire first firrived there. In the case of the 
5*foot fall it will be found that the stress falls from 840 lbs., its 
initial and maximum value, to 600 lbs., which may be taken as the 
elastic limit, in about 0*8 thousandth of a second. 

These results were fully confirmed by a large number of experiments 
in which different steady tensions were applied. The general con¬ 
clusion is that in this material, which has an elastic limit of 40,000 lbs.> 
or 17*8 tons per square inch, and breaks at 28*6 tons, a stress 
momentarily exceeding 76,000 lbs,, or 33J tons, and exceeding the 
static elastic limit for a time of the order of 1/1000 second, may be 
apjfiied without any very great failure of elasticity.* 

It may be furAer noted that a blow from a blight of 10 foet» 

^ Ihe absaiixts iSroM is, as uvoal, oalonlatod cm the aaootiitentcM ama of 
pleea. Ths statKcal bntfthmg Sbets at the momaat of breakiof 4% of IpNatiMr 

tbau this fi(|or0, hut tbeo the material ie hardened the drawbg oat, . 
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givirtg a tension momentarily exceeding 900 lb«., produces a 
permanent extension of 1/SSOOfch part, or l/60of the ultimate extension 
caused by a steady load of 700 lbs. 

Coppei' Wire. —This was 0*129 inch diameter, and of the kind used 
in electric light cables. It was set up without preparation of any kind, 
A load of 220 lbs. stretched it by 1/1000th part, corresponding to 
E 7500 tons per square incli. The wire Veighed 0*0503 lb, per fooU 
The 8te^idy tension was 200 lbs. Mass of falling weight (M) 0*945 lb.; 
mass of stop, 0*023 lb. Velocity of propfigation of waves, 
-11,800 f.s. 

With a fall of 12*6 inches the additional extension observed on the 
top 20 inches was 41 tiiicrometer divisions. The calculated extension 
(formula (2) above) is 4.3 divisions. The permanent extension pro¬ 
duced by 20 blov’s was about 2 micrometer divisions. 

With a fall of 2 feet 0 iJiches the observed extension was 67 divisions. 
The calculated extension is 70| divisions. Ten such blows extend the 
20 inches by 13*5 micrometer divisions, or 6*7 thousandths of an inch. 

Tho elasticity is therefore practically perfect up to the stresses 
caused by a fall of 2 feet 6 inches. The greatest strain at the top end 
caused by this blow is 2V/rt « 210 thousandths. The tension due to 
this is 440 lbs., and the resultant tension, including the initial 200 lbs., 
is 640 lbs. The mean tension on the top 20 inches is 670 lbs. (calculated 
from the observed extension of 67 divisions). 

Tested statically with the extensometer, this wire showed failure of 
elasticity at 600 lbs. With a load of 590 lbs. it yielded rapidly and 
finally broke, 

With a fall of 6 feet, and the mime initial tension of 200 lbs., the 
observed extension on the top 20 inches was between 100 and 105 
micrometer divisions, as against 103 calculated; of these about 
30 divisions were permanent, llie calculated maximum tension in 
this case (including the 200 lbs.) is 890 lbs. But the elasticity hero is 
far from perfect, and the actual stress is probably somewhat less than 
the calculated value. 

The observed extensions are, in the case of the copper wire, about 
5 per cent, less than the calculated. I think that this is more than can 
be accounted for by errors of observation, or by such causes as frietion 
between wire and weight, especially having regard to tho much closer 
agreement in the other wires with which I have eaeperimented. A 
possible explanation is that in the copper wire the value of Young^s 
modulus for those extremely rapid extensions is 10 per cent, greater 
than for slowly applied forces. The difference between the adiabatio 
and isotheitoal elasticities as ealouktad from the eoeffioient of expansion 
and YoUng*s modulus, is not sufficient to account for the efiMt which 
musi be a true time c^ect; if it exists. 

^ in a section of the wire after one of Ihese 
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blows is rather conipHcated, and it isdiMotUt to deduoe from the results 
anything more than the general conclusion stated above, that the wire 
is substantially elastic up to stresses much beyond the static clastic limit, 
and that the mathematical theory gives correct results, I hope, how¬ 
ever, by suitable modifications of the experiment, to simplify the con¬ 
ditions, and obtain by this method more detailed information as to the 
properties of materials when subjected to shock. It seems to me quite 
possible that the stress-strain relations for stresses beyond the elastic 
limit may be much simplified if the stresses are applied for exceedingly 
short times, because the complication of hardening, due to over¬ 
straining, will bo to a large extent removed. 


“Phosphorescence caused by the Beta and Gamma Bays of 
Eadium.” By 6. T. Beilby. Communicated by Professor 
Lakmoh, Sec. liS. Received January 25,—Read February 9, 
1905. 

1. Various observers have noticed that barium platino-oyanide, after 
continued exposure to the rays from radium, becomes brown or rod, 
while the phoaphoresoence excited by the rays falls ofi’ considerably.’’^ 
The following observations were made with the object of ascertaining 
the conditions under which this change occurs. 

2. A specimen of Merck’s barium platino-cyanide was reorystallized 
and obtained in prisms from 3 to 5 mm. long. The crystals were 
bright canary yellow and showed a pale blue fluorescence by obliquely 
reflected light. 

3. The radium used was 30 milligrammes of pure bromide contained 
in a cell with a thin mica cover. This radium is the property of 
Mr, Frederick Soddy, to whom I am much indebted for granting me 
its exclusive use for more than three months. All the expeiiments 
were made without removing the mica cover of the cell, so that the 
eSTeots pix>duoed were due etitirely to the ^ and y rays. In comparing 
the phosphoreeence at different stages, black paper was iuterpos^ 
between the cell and the substance so as to out ofl‘ the luminous rays 
from the radium, 

4* When yellow crystals of platino-cyanide are left on the mica 
cover of the radium cell for half an hour, the beginnings of the colour 
change from yellow to red are distinctly visible. In one hour those 
surfaces most directly in the path of the rays becoum strongly reddened. 
In (right hours the phosphorescence has fallen to a mbimtun of 8/100 of 
its original amount, at which it remains, however long the exposure 
may be contumed. 

Crystals were exposed to the rays for ei^d^t days, but tbe 
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eecdnt value did not further diminish, though the colour became rather 
deeper. 

6. When the reddened crystals are removed from the action of the 
rays they at once cease to phosphoresce. At the outset, therefore, 
there are two well-marked characteristics in the behaviotir of the 
platino-cyanide. (1) The phosphorescence starts at a maximum value 
which rapidly falls to 1/12 or thereby; and (2) there is no after 
phosphorescence. 

6. Other observers have stated that platino-cyanide screens which 
have been reddened by over-exposure to radium rays may be restored 
to the sensitive state by exposure to sunlight.* I have exposed 
reddened crystals on a glass plate to a condensed beam of sunlight for 
several hours without beifig able to observe any restoration of colour 
or phosphorescent quality. The observations here recorded seem to 
suggest that the restorative effect of s\inlight, where it has been 
observed, must have been due to some conditions supplied by the 
other materials of which the screen was composed. The present 
observations show that the red crystals retain their new character 
over a period of many weeks either in the dark or in difhised daylight, 
and none of these observations have given any indication that the 
change is other than permanent. 

7. The only way cmphtely to restore the red crystals to the yellow 
state is by solution in water and recrystallisation. The properties of 
the crystals obtained in this way appear to l)e in all respects the 
same as they were before exposure to the rays. It would appear, 
therefore, that the reduction of the phosphorescent value is not primarily 
due to chemical change in the salt. 

The fully developed crystalline condition of the yellow salt is 
evidently necessary, if the highest phosphorescence is to be obtained. 
Anything, therefore, which interferes with this condition impairs the 
phosphorescence. 

8, When the water of crystallisation is wholly or partially expelled, 
the crystals, either yellow or red, are left in the form of an amorf)houB 
powder of a brick red colour. In this amorphous state the valiie of 
the phosphorescence has fallen to 2/100 and the colour of the glow 
is no longer green but red. As crystals reddened by expoa^ire to the 
P rays lose water and l)ecome opaque on heating to 130* just as 
the yellow crystals do, it may be concluded that the change from 
yellow to red under the influence of the p rays is not due to the loss 
of water of crystallisation. 

9, As the reduction of the phosphorescent value in the change from 
the yellow to the red form is neither due to chemical decomposition 
nor to lose of water of crystallisation, it occurred to me that it might 
be akin to ^e change from the crystalline to the amorphous state, 

* Bulherford, riUdio-aotiTity/p. 168 . 
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which had bean observed in metals and other solids when they are 
flowed by mechanical movement.* The falling off of the phosphor- 
esence under the long continued action of the rays suggested a failure 
in elasticity or elastic response analogous to that which is known in 
metals as elastic fatigue/’ while the colour changes appear to be 
of the same nature as those observed in the crystalline and amorphous 
phases of the metals, t 

10. When a small fragment of a yellow crystal is bruised on a 
glass plate by the rounded end of an agate pestle, the bright yellow 
colour is changed to deep red-brown wherever the pressure has acted 
so as to cause flow. This colour change is remarkably sharp and 
distinct. By rolling the pestle firmly over the smaller crystalline 
specks these are completely flowed into transparent patches with 
smooth rounded outlines. The colour of the thinnest patches is 
obviously more intense, as well aa much redder, than that of the 
original crystal, while the thicker patches are of a very intense red- 
brown by transmitted light. The coloiir of the flowed patches by 
reflected light is complementary to that by transmitted light, being 
green. The crystalline structure of the yellow salt is to all appearance 
completely replaced by the vitreous granular structure of the amorphous 
phase. 

11. A small quantity of the amorphous platino-cyauide was prepared 
by bniising and flowing the yellow crystals on a glass plate. With 
each portion the operation was repeated several times, that is to say, 
the flowed patches on the plate were scraped oft’, broken up and 
again rolled wdth the pestle. In this way, a fairly complete con¬ 
version into the amorphous form was obtained. The flnal product 
consisted partly of bi*own powder and partly of deep brown scales 
with a greenish sheen. The phosphoresence in the ^ ra^S was reduoed 
to 2/100 of its value, arid it appeared as a dull red glow in which an 
occasional speck of bright green indicated the presence of minute 
iwrtions of the untransformod crystalline phase. 

12. In my earlier ol>»ervations on the phase changes A rr..::,. it 
was shown that while the transformation C A takes place by 
mechanical movement of the molecules over each other,, es in a liquid, 

the reverse traiisformatioi^ A-- C takes place only when a deflnite 

transition temperature or stability point is reached. The low 
temperature at which platino-cyauide loses its water of crystaliisatipn 
presented a diiflculty in attempting to bring alKHtt the tvausfm’maliQii 
A ——^ C by heat, h\xt an encouraging result was obt^uned on quickly 
raising a small portion of the amorphous salt to 85'",. for the dark 
brovm scales immediately assumed the bright greenish yellow of ibe 

• * i^hU. Mag./ Tttl, e, 1904, pp. 288-376. 

t al«o * Roy. Soe. Rww./ toI 73, pp. 31^386. 

X Loc.tiii^ 
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^istallitiQ phaae. The reality of this change was further conSriued 
hy finding that the phosphorescent quality, which had fallen to 2/100 
in the amorphous state, had been restored by the heating to 33/100. 

13. The analogy between the changes in colour and phospboreseexat 

quality brought about by the transformation C-- A and the 

corresponding changes which result from the action of the p rays is 
thus shown to be very close; it remained to be seen if the analogy 
also held good in the reverse transformation by heat, 

14, Crystals which had been reddened by the jS rays were lightly 
crushed and quickly heated to 1 in a capillary tube with an open 
end. The coloui* of the salt became much paler and its phosphorescent 
quality was oorisidorably increased. As the temperature necessary to 
bring about the transformation was also high enough to drive oif some 
of the water of crystallisation, a fresh portion of lightly crushed red 
crystals was packed tightly into a capillary tul)e which was sealed otf 
as close to the surface of the salt as possible. The tube was heated to 
120\ when the transformation into the yellow salt took place quite 
sharply, beginning simultaneously at the middle and at one end of 
the tube and quickly spreading all over, the brown colour giving place 
to bright yellow. The transformation was carried out at 120'\ so that 
no water in the liquid state can have taken part in it. After cooling, 
«ome minute drops of condensed water were visible on the inner 
surface of the tube. Necessarily, a corresponding portion of the salt 
must have parted with some of its water of crystallisation, but this 
did not affect the transformation of the remaining part. The phosphor¬ 
escent quality was raised from the 8/100 of the red crystals to 33/100, 

16. Even in the sealed tube, however, the conditions fur the trans¬ 
formation A-► C are distinctly unfavourable to anything like a 

perfect conversion or the production of a uniformly crystalline material, 
therefore, the very definite results obtained, namely, the partial 
restoration Iwth of colour and phosphorescence, are strongly confirma¬ 
tory of the phase view of the change brought about by the fd rays. 

16. The retention by the re<ideiied crystals of their crystalline form 
and transparence points to a persistence of a proportion of the crystal¬ 
line phase side by aide with the amorphou.s. Having regard to my 
earlier observations on phase transformation in overstrained crystals, 
this persistence of the C phase is quite to be expected. In the case of 
gold it was shown that even after severe and repeated heating of the 
metal in the form of the thinnest foil the crystalline structure could not 
be completely obliterated,* More recent observations on the flow of 
crystalUne salts, which have not yet l>een published, fully confirm this 
point. These still further confirm the explanation of this fact offered 
in my former papers, namely, that the amorphous phase which is 
formed id; all the momg surfaces of the orystalUne units acts as an 
♦ ‘Phil. AC»g.,' voL S, p. 368, 
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encasing medium which protects the crystalline elements from further 
disintegration. In the case of the platino-oyanide, the over-stimulation 
to which the vibrating molecules are subjected by the jS rays during 
the preliminary stage of bright phosphorescence, result^ in a state 
analogous to that of elastic fatigue in vibrating metal wires or glass 
fibres. Up to a certain point this fatigue may be recovered from, that 
is to say, if the relative disphwjements of the molecules from their 
proper crystalline relations has not passed beyond a certain stage ; but 
beyond this stage there is no power of self-recovery, and heat is 
required to endow the molecules with freedom of movement sufficient 
to enable thenn to return to their crystalline positions. This final 
stage of permanent fatigue or overstrain in the salt corresponds with 
the amorphous condition which results from mechanically produced flow. 

17. The foregoing observations show that physical structure and 
molecular elasticity may play an important part in the initial stimula¬ 
tion of phosphorescence, but the persistence of phosphorescence, even 
in the purely amorphous form of the substance, seems to point to the 
necessity for a more general explanation of the phenomena of phos¬ 
phorescence. I propose to deal with the more general aspects of the 
subject in a separate communication. 

16, In the appended table the comparative phosphorescence of the 
various forms of platino-cyariide of barium is shown. The method 
used was to measure the distance from the radium at which the salt 
exposed on a tray of black paper became distinctly visible in the dark. 
The salt was observed by means of a simple microscope fixed over the 
tray. The intensity of the rays was taken to be inversely as the 
square of the distance of the radium from the phosphorescing salt. 

CJomparative Phosphorescence (that of the canary-yellow crystals 
being taken as 100). 


j PhoftphoreBceut ; Beferencs to 
talue. j paragraph. 


i 

] . Yellow or>'etaU... j 

100 

No. 2 

S. „ „ after exposure to 

ray» for 8 houra.... 

8 

M 4 

8. The eame for 44 hour*.. 

8 

n 4 

4. IBM cryetala (No* 8 above) after lieatiug 
to 110^ in open tube . 

27 

M H 

Rod oTvetaU, after heating to 180'^ in 
sealed tube . 

88 

„ 16 

6. Yellow orystals dehydrated at 180® ... 

2 

8 

7^ Yellow oiystats flowed into amorphous 
scales.. 

2 * 

„ 11 

8. The same (No. 7) heated to 86®—^100* 

88 
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rii(>B]:)liore8ccJjee caused by the Beta and (birnriia Ihiys of 
Kadinm.—'Bart IT/* By (i. T. Bkhjiv, ('OUinmiiicat(‘d l»y 
ProfeKBo*' rJ. I.AUMOH, Sec. B.S. ]Teceiv(ul February 0,—Bead 
February 2.'I, 1005. 

19. By the Htudy of the case of T)ariuui platino-cyanido, it baa been 
,*thown that certain formn of phofsphorescenco or luniinoHconce are duo 
to change of physical state—c.//., to the pas.sage from the (Tystalline 
to the amorphous state, or from one amorphous state to another. The 
molecular movement required to bring about those changes may be 

caused.(1) by disintegration produced l>y mechanica] means, as in the 

crushing or flowing of crystals ; (2) by the ex]mlsu)u of a vedatile con¬ 
stituent, as in the dehy<iration of crystals, the molecular movement 
which necessarily occurs at the moment of oxpulsioTi being taken advan¬ 
tage of by the forces of cohesion to establish new arrangements of the 
molecules either crystalline or amorphous; and (5) ])y a condition 
of excessive vibration and \iltiniate overstrain set up by a stream of 
electrons, as in the radium or the cathode rays. 

20. After due allowance has been made for the element of physical 
change, there remains a largo class of phosphorescent phenomena which 
cannot be thus explained; but I believe that the clear I'ocoguition of 
the pjirt played by physical change at once makes the consideration of 
the latter class much simpler. 

21. Even in the case of plHt]*no-e3^alnde, where it is seen that physical 
changes play so large a part in the phosphorescent phenomena, thei’e 
remains a certain residuum of phosphoresce!»t eflect which ap})ears to 
be independent of the physical condition of the substance. Platino- 
cyanido itself, therefore, opens the way to a further study of the pheno¬ 
mena of phosphorescence ; but other siibstances in which the physical 
state plays a lees important part arc better suited for this study. 

22. Throughout this paper the different phases of lumiuescetico are 

referred to as : /w'imary or the kuninoscence produced 

under the direct influence of a stimulus, e.g.^ the /i rays or the cathode 
rays; iitcondary plmph(n^escnm\ or the luminesconco which continues 
after the direct stimulation has ceased; remved ph<K^plunr.Hemce, or the 
luminesconoe revived by heiit after the secondary phosphorescence has 
diminished or ceased altogether. 

23. It has been shown that primary phosphorescence is exhibited 
under various forms of stimulation and under conditions in which the 
elastic vibration of molecules or molecular aggregates might alone 
account for the generation of light waves. But when the secondary 
and the revived forms of phosphorescence appear, it becomes necessary 
to suppose that these effects arc due to some more intimate changes 
among the atoms themselves; in other words, to the play of chemical 

venu txxiv. 2 V 
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aflriTuty. The association of phosphorescence with certain forms of slow 
oxidation was curly recognised, and possibly for this reason there has 
sometimes been a tendency to limit the chemical view to this type of 
action. But from the observations which follow it will be^ seen that 
with many substances the chemical actions which occur must neces- 
sanly be self-contained and independent of atmospheric or other 
surroundings. 

2L The chemical action of the rays from radio-active substances has 
l>eon recognised from the first. Among the most prominent examples 
of this action are—the reduction of sensitive silver salts ir» photographic 
films which led to the original discovery of the rays by M. Becquerel; the 
coloration of glass, first observed by M. and Madame Curie, and after¬ 
wards attributed by Elster and Geitel and other observers to the 
T'oduction and separation of. the alkali meUds in a state of solid solution; 
the electrolysis of water ; and the separation of iodine from iodoform, 
observed l)y W. B. Hardy and Miss Willcox in the liquid state, and 
more recently }>y van Aubel in the solid state. Some of these actions 
have been recognised l^y direct chemical tests, while others have been 
inferred from the colour changes occurring in the substances exposed 
to the rays. 

25. So far as 1 can learn, no systematic attempt has yet been made 
to trace the connection between the chemical, the coloration, and the 
luminosoont effects of the rays. The observations which follow are 
to some extent a repetition of the ex|)eriments of previous workers on 
the subject, but they have been extended in particular directions with 
the express object of throwing light on the problems of secondary and 
revived phosphorescence. 

In these observations, m in those recorded in the first part of the 
paper, the substances under examination were exposed to the P and y 
rays only (see paragraph 3). 

26. A polished lens of rock crystal, after exposure to the rays for 
four days, showed a patch of dark brown coloration at the spot where 
the rays had entered. On removal fi*om the radium, the coloured patch 
phosphoresced faintly, lliis could only be seen in complete dar^ess. 
After an interval of six weeks the lens showed no trace of phosphores¬ 
cence at the ordinary temperature, but on heating it on a hot plate to 
rather over 100“ the coloured patch glowed so brightly that it lighted 
up the rough edges of the lens and showed its complete outline quite 
distinctly. On raising the ions to a considerably higher temperature, 
pTol>ably over 250“, it glowed more brightly, and then the glow ceased 
altogether. The brown coloration had now completely digappeai'ed. 

27. A colouidess crystal of calospar, measuring roughly 17 x 12 
X 0 mm., was exposed to the rays for six days. A faint yellow colora^ 
tion marked the spot where the rays had entered. The coloration had 
penetrated about 2 mm. below the surface. When the crystal was filwt 
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plttced on the radium coll it phosphoresced with u pale greenish light; 
but after a few minutes the spot at which the rays entered glowed with 
an orange red phosphorescence. This glow rose to a certain pitch, and 
then continued fairly uniform throughout the exposure to the rays. 
On removal from the ra<liuai at the end of six days the crystal con¬ 
tinued to phosphoreseo as brightly as it had done in the path of the 
rays. Twenty-four lioiirs later the crystal still phosphoresced, though 
less brightly. On warming it to 80" the glow became brighter than it 
had originally been. On cooling again to the ordinary temperature 
the glow was feebler than it had been before heating. The reserves of 
phosphorescing power had evidently been more quickly expended at 
the higher temperature. 

28. The gradual distip|>earance of the phosphoieseotice was watched 
day by day for a week, Fou!‘ days after removal from the radium 
the crystal could still l>e seen in complete darkrmBH. Heated to over 
100^ the phosphorescence was mnch augmented, l)ut the glow was 
distinctly whiter than it had originally boon. Five days after removal 
from the radium the crystal had become quite invisible in complete 
darkness, but on heating it to over 100 ' it again phosphoresced. On 
the sixth day it still phosphoresced feebly when heated to 100'\ Imt 
on raising it to 150"' it glowed so brightly that it could be seen 
distinctly in a dimly lighted room. The phosphorescence was now 
even whiter and more dittused than it had l>een l>efore. On the fifth 
day the patch of yellow' coloration had comjdetely disi4pj>eared. 
This disappearance coincided with the loss of phosphorescence at the 
ordinary temperature and also with the dovelopnmnt of the whiter 
and more difbise glow when the crystal was heated. On the seventh 
day the distal heated to 150'" gave a feeble white phosphorescence. 
On this occasion a crystal of calcspar, which had not been exposed to 
the radium, was heated side by side with the other which had. This 
fresh crystal gave absobitely no phosphorescence at ISO'’. 

29. A piece of potash glass exposed to the rays showed a feeble 
fluoresoeuce. After 60 hours it was removed from the radium. 
Where the rays had entered the surface, a strong })rown coloration 
had taken place. This coloured patch phosphoresced feebly. Six 
weeks later the glass was examined and showed no phosphoresoonco 
at the ordinary temperature, but on heating to 100'’ it gave a faint 
greenish glow. The depth of colour of the brown patch in the glass 
showed no diminution of intensity at the ordinary temperature with 
the lapse of time, but on heating to about 200“ the coloration 
completely disap|jeared. 

30* A lens of coloiu^less flint glass, tested for lead by heating one 
of its edges to the softening point in a gas flame, showed the usual 
brown coloration of load glass. The lens was placed on the radium 
edi and at once phosphoresced feebly. After 12 hours* exposure to 
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the T’Hys, it shoM^ed no secondary phosphoreHcenco on removal from 
the cell, and no revived phosphorescence when it was heated to about 
200^ A brown coloration, which had resulted from the {letion of 
the rays, had completely disappeared after the heating to SOO"". 
After’ u further exposure of 48 hours to the ft rays, the brown colora¬ 
tion was mtich stronger, but it sliowed neither’ secondary nor revived 
phosphovesrcnce. 

51. A crystal of potasHiuin iodide placed on the radium coll 
phosphoresced faintly. After three hours’ exposure the phosphores¬ 
cence WHS distinctly stronger, and on removal from the rays a faint 
secondary phosphorescence could he detected. This died out in a 
few minutes, but was revived for a few minutes on heating the crystal 
to 150'\ After 12 hours’ exposure to the rays, a faint blue-green 
coloui* had dovclo})ed, which, however, disappeared after the crystal 
had been ke})t in the dai‘]< for a few hours. 

52. A crystal of potassium chloride became rod-pui’ple after it had 
bf'en two hours on the radium cell ; during the exposure it 
phosphoresced faintly. On removal from the rays it gave a faint 
and brief secondary phosphorescence an<l a brighter revived phos¬ 
phorescence on heating to 100". After heating, the purple colour had 
di8apj)eared. 

33. A crystal of potiissium bromide, after exposure for one hour, 
l)ecaine bluo-green and phosphoresced brightly. On removal from 
the rays it phosphoresced strongly, and on heating to lOO'', it glowed 
with revived phosphorescence and lost its blue-green colour. 

These poUissium salts show the same a.ssociation of colour with 
luminesce]ice as calcspar, quartz, and glass, but all the effects are of 
a more evanescent character. 

34. A crystal of potassium chloride was crushed and Aen flowed 
into amorphous scales. The scales when placed on the radium cell 
phos})hore8ced faintly, and in 30 miimtos wore tinted with a red- 
violet. In six hours the colour had deepened. On removal from the 
rays there was secondary phosphorescence, but l)Oth this and the 
colour disapijcared more quickly than hivd boon the case with the more 
massive crystal, 

35. A small ci-ysUd of calcspar was crushed and then flowed into 
amorphous scales. The scales were placed on the radium cell. They 
phosphoresced very faintly, and there wjis no obvious increase over 
a period of three hours’ exposure, liomoved from the rays there was 
faint secondary phosphorescence, and when heated to rather below 
100“ they gloweil with a bright orange phosphorescence and continued 
to do 60 for some minutes. 

36. In the last two observations, after making due allowance tor 
the small quantities employed and their fine state of division, it 
appears that the fact of a substance being in the amoiplmus instm^d 
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of the crystalline condition does not necessarily interfere with the 
generation and storage of energy which can afterwards 1>e set free by 
heat and ^ve rise to revived phosphorescence. 

37. In the foregoing observations the coloration effects have, with 
one exception, boon directly associated with the luminescent 
apiJearauces (paragraph 30). The one exception is valuable, however, 
1 localise it draws attention to the fact that the intensity of the 
aflinities of the dissociated ions, as well as their suitable insulation, 
is a uecossary factoi- in the jiroduction of phosphorescence. The 
lead silicate is easily electrolysed, and its ions ai'c duly insulated 
as shown hy the coloration; but in their recombination the energy 
developed in this jiarticular case was insufficient to develop idsible 
light waves. 

38. In the haloid salts of potassium the conditions arc entirely 
different, for the affinity of the haloid and the mottdlic ions is so 
intense that the insulating power of the molecules is only sufficient 
at ordinary temperatures to keep them apart for a very short time. 
It appears probable that in tliese suits so much energy might l>e stored 
by the action of the rays at a low temperature as would result in a 
most brilliant luminescence on a return to the ordinary temperature, 

39. Another feature brought out by the foregoing observations is 
the remarkable persistence of latent phosphorescenco as shown by the 
iudeffnitoly long time for which this storage of energy can take place 
under favourable conditions (see paragraphs 26 and 29). 

40. In ti'acing the vari<iu8 steps in the action of the rays as disclosed 
by the intensity and colour of the phosphorescence and by the 
Hp|>earancc and dmppearance of coloration, the chemical or electr'o- 
lytic hypothesis seems to explain each step in a satisfactory way and 
without any straining of the facts. When the rays are first applied 
there may be a preliminary stage during which the luminescence 
is mainly of physical origin. This is borne out by the undoubted 
influence of crystalline structure on primary jihospboroscence and its 
relatively smAll influence on the later stages of luminescence. But as 
electrolytic dissociation proceeds, a point is reached when the neutral 
molecules are no longer able to keep the increasing number of ions 
apart. Beconibination then sets in, and with it the production of a 
new kind of luminescence. When once the insulating power of any 
given layer of the substance is saturated, the number of ions 
dissociate at each moment will be balanced by the recombination of 
H like number. This is the probable explanation of the fact that the 
phosphorescence reaches a stet^y value after a certain time. When this 
steady state lias been reached for the whole depth to which the 
electrons can penetrate, the limit of storage of energy for the 
production of secondary and revived phosphorescence has been 
tetclicd. 



516 Mr» G. T. Beilby. Phoyi^ioremnce catmi htf [Feb. 9, 

41. Wht!n the stimulus of the rays is removed, electrolytic 
dissociation will cease, but a certain number of ions continue to 
find their way to each other and to combine, producing secondary 
phosphoresconco. This state may last only for a moment or it may 
c'ontinuo for days (pxragraph 28). The insulating power of the 
moleonles depends on their mobility, and this in turn depends on 
temjxiniture. For every rise in temperature a new equilil>rium point 
must be established, and a further combination of ions with a fresh 
outburst of luminescence will occur. At whatever stage a rise of 
temperature takes place, the effect must be the same, whether it be at 
the first stage while dissociation is active, at the second stage while 
recombination is taking place, or at the third sUige when equilibrium 
at the lower temperature bad been reached and luminescence had 
entirely ceased. 

42. From this point of view it becomes possilde to explain the 
comparatively conflicting ol^ervatious on the l>ehaviour of the same 
substance in the cathode rays or in the radium rays. To take only 
one example of this: In 1881* Sir W. Crookes stated that calcite 
showed the residual glow longer than any substance he had 
exj)erimented with, After the current has been turned off the 
crystals shine in the dark with a yellow light for more than a minute*5|; 
This short period of secondary phosphorescence as compared with th0; 
four days recorded in paragraph 28 becomes perfectly intelligible 'wjjlu 
the temperature is Uiken into account. No mention of the 
temperature is made in Crookes^ observation, but it may fairly be 
assumed tliat the temperature of a sul^stance exposed to a powerful 
cathode discharge would be very much raised. Even a temperature of 
100* would break down the insulation of the calcite molecules to such 
an extent that only a very brief secondary phosphorescence could occur. 

43. The effects of low temperature in developing and increasing 
secondary phosphorescence, as shown by Crookes and Dewar, fall 
naturally in line with the dissociation hypothesis. By the increased 
insulating power of the molecules at the lower temperature the capacity 
of a substance to store dissociated ions may l>e increased to an enormous 
extent, so that the break-down of insulation by a rapid return to the 
oi*dinsry temperature will set free a great store of energy and produce 
an outburst of phosphorescence. It is evident that substances which 
have too little insulating power at ordinary temperatures to enable 
them to produce secondary phosphorescence may at the lower tempera- 
tmes develop this power to a high degree. Even the much feebler 
stimulus of the light waves may thus lie eiuibled to record dissociation 
effects which have altogether escaped notice at ordinary temperaturesy 

44. The conclusions drawn in the foregoing papers l^y be briefly 
summarised under the following divisions 

• * Oh«m. Kew,’ X8H1, p, 287. * / 
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1. Certain types of phosphoreBoence are due to the moleoular moVe^ 
ment or displacement which is produced by heat, by mechanically 
applied stresses, or by radiant energy. 

2. Certain other types of phosphorescence are distinguished by their 
appearance in three stages, called here primary, secondary, and 
revived phosphorescence. These can l)o explained as due to atomic 
changes in which chemical affinity is the controlling factor. 

3. The phenomena of this t3rpo appear to support the view that a 
species of electrolysis occurs in solids exposed to the jd or cathode 
rays; that the products of electrolytic dissociation are insulated or 
partly insulated from each other by the neutral molecules, as in a 
viscous electrolyte; and that it is the breaking-down of this insulation 
and the recombination of the ions which causes revived phosphor¬ 
escence. 

[Added February 22, 1905.—^The following ex})eriments have been 
made at a temperature of about - 100":— 

44. Calcspar crushed to powder, and exposed to the raditim rays for 
an hour at this temperature, showed the usual primary and secondary 
phosphorescence. On emptpng the salt from the cold tube upon a 
metal plate at the oniinary temperature, the glow increased con¬ 
siderably as the temperature of the salt rose; but this revived 
phosphorescence was not so vivid as that observed between 15" and 
100" (see paragraph 36). 

Potassium chloride exposed to the rays for an hour at -100" 
showed well-marked violet color-ation. The primary and secondary 
phosphorescence were brighter than at the ordinary temperature (see 
paragraph 32). When the cooled salt was emptied on the metal plate 
it glow^ with a brilliant pink phosphorescence, which died down in 
less than a minute. On returning salt to the cold tul>e, the 
phosphorescence completely ceased. 

46. Potassium bromide treated in the same way was coloured 
greenish blue in one and a half hours. It showed distinct primary, 
but no secondary, phosphorescence. Emptied on the metal plate, it 
glowed with a brilliant greenish phosphorescence, which quickly died 
down, and entirely oeasod when the salt was returned to the cold tube 

i (see par^aph 33^ 

47. Barium platino-eyanide in yellow crystals exposed to the rays 
at -100" turned red more slowly than at the ordinary temperature. 
Alter iye hours’ exposure the primary phosphorescence had fallen 
to 33 per cent, of its former value. There was still no secondary 
{diotphoreimen^ but, when emptied on the metal plate, the salt 
gilqwad tw91kntly for a few seconds. To make sure that this revived 

not due to the purely physical isffect of coolii^ 
portion of yellow crystals was cooled under 
except that the radium was absent. The ctyttah 
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jshowed no pluosphoreacence of my kind even on the metiil plate 
(compare paragra]^ 4 and 5, Part I). 

48. These obeervationa at -100’ confirm the view (paragraph 38) 
that the effect of low temperature is to increase the insulating power 
of the molecules, and thereby to enable some substances to store 
chemical energy which are unable to do so at all at higher tem¬ 
peratures, «.y., barium platiho cyanide; and to increase the storage 
capacity of other substances in which the secondary phosphorescence 
is very short-lived at higher temperatui^es, potassium chloride and 
bromide. In the case of calcspar, the insulating capacity at 
ordinary temperatures is already so excellent, as shown by the 
persistence of secondary phosphorescence, that there is comparatively 
little gain at the lower temperature. 

49. If, as seems most probable, the coloration of solids by the 
jS rays is due to the presence ‘Of ions, it is interesting to note that the 
different salts of potassium give perfectly distinct colours, the chloride 
being a red violet and the bromide and iodide a greenish blue. This 
difference is most likely due to the modification of the colour of the 
potassium ions by the presence of the haloid ions, chlorine, bromine, 
or iodine.] 


* Note on the Determination of the Volume Elasticity of Elastic 
SoUds.”^ By C. Chrkk, Sc.D„ LL.D., r.R.S. Received 
December 21, 1904,—Read February 2. 1905. 

In a recent papert Mr. A. Mallook gives an ingenious aud simple 
method of determining the coefilcient of volume elasticity (bulk 
modulus) of metals by direct observation of the extension of a hollow 
right circular cylinder under uniform internal pressure. 

The method depends on a result of the mathematical theory which 
seems capable of being proved in a more direct and complete way, but 
which at the same time requires to be restricted by conditions to which 
Mr. Mallock does not seem to refer. Further, the method is only one 
of several which seem equally worthy of consideration. 

When dealing with isotropic material I shall employ the following 
notation 

E Young's modulus, -q «» Poisson's ratio, 

= P/(i - - bulk modulus. 

* [The mom msnlt* of the first part of this paper (Case t) irem weikad out so a 
verifioaUon before Mr. MaUook> paper wae printed; they to hevo 

been eufikienUy indicated in a footnole opp^ed to the p^r.-^. Xb] 

t ‘Boy. Soo. P»oo^* ted. 74, p. SO. 
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Also I will denote the length of the whole or a part of a generator 
of a right cylinder or prism, U its elastic extension. 

When a hollow tube of isotropic material, bounded by ccwixial right 
circular cylinders, is exposed to uniform pressures, viz., pi over the inner 
surface, radius n, and over the outer surface, radius fs, and to uniform 
tension P over the flat ends, the elastic •displacement parallel to the 
length, taken as axis of is given by 


—. 

Case (i).— 

i;, = 0, P«p./iV(r2*-na). (2), 

l z E r8»-r,»3fc . '' 

Putting for shortness 

M/I ^ ?*2 — 7*1 no /, 

we have 

. (4). 

3^€ ra + n 

When the thickness, if of the cylinder wall is so small that i/ri is 
negligible compared to unity, 

^ (5). 

Case (ii).— 

Pi ^ Of P« - rj«). (6), 

/ « Sit . 

Thus, with the same notation as in Case (i), 


Zt€ + Ti 


(8). 


When tjr^ is negligible compared to unity, 

h « (9). 

Case (iii),— 

“ -I'-P. (10). 

Mjl ^ wjz ^ (ll)»t 

and so -p/3< . (12). 


Case (i) is really that considered by Mr. Mallock. Taking a cylin¬ 
drical tul^ with terminal caps, he applies a uniform internal pressure 
Pf This gives on each cap an outwardly directed pressure, whose total 
amount is «rri^<. This leads to a longitudinal tenriou in the cylinder 

* VAm«r. Math. Soc. BuU./ 2ad tertei, vol. 7,1900, p. 141, 
t " Phil. Becambsi-, 1901, fiqn, (67), p. 694. 

'3 Q . 
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wall. Denoting mean value of thu tension per unit area hy P, we 
have, since the cross-section of the material is - ri^), 

Ptt (r./ -- n®) p{trri% or V ^ PiTi^K^u^ - ^i^). 

The first limitation above referred to is this; The longitudinal tension 
exerted on the cylindrical wall by the terminal caps will not in reality 
be uniformly distributed over the terminal areas - n ^); thus the 
solution is reliable only when the principle of equipollent systems of 
loading* is applicable. This meatis that portions of the tube near the 
ends should be excluded from the solution, the portions being shorter 
the thinner the cylindrical wall. 

The second limitation is that Mr. Mallock starts by assuming the 
tube wall very thin, and arrives at a formula which is presumably (5), 
and which at all events possesses the same limitations.t The formula 
is applied, however, by Mr. Mallock on his p. 52 to cases in which ijr^ 
varies from about 1/19 to 1/5. The application of (5) under the 
circumstances would mean an error of from 2 J to 10 per cent, in the 
value of k 

Case (ii) is parallel in every resjmct to Case (i) and would apply, 

• Todhunter and Pearson’ti ‘ Hiutory of Elasticity,* vol. 2, Arts. [8], etc, 

t The primary fomjula, to which Mr. 'Mallock's calculationB seem to lead himi 
as given on his p. 61, is 

from which he apparently derives if *» Pra/6/s. 

P represents the internal pressure. I do not follow Mr, Mallook's proof of 
the formulse. But his k and e must, I think, be respectirely equivalent to k and f 
of the present paper. 

An attempt to ascertain the true signiiicanoe of Mr. MaUock*s from the 
numerical results on his p. 62, seemed to show that some errors of calouUtion 
must exist, independently of the precise meaning of It thus appeared 
desirable to recalculate the results from the exact formula (4). They appsar 
in the following table, alongside of the values given by Mr. Mallock. The 
pressure applied wae in all oases ** 400 lbs. per square inch.** 


Material. 

t. 

Outside 

diameter. 

t 

State of 
material. 


lO-“x*inC.0.8, 

uiui*. 



Mallook. 

By (4). 

Steel ....1 

Brass*. . 

Copper * 

1 

1 

in. 

eo 

60 I 
60 1 

in. 

0-76 

0-4X6 

0-4tS6 

in. 

0-0190 

0-0186 

0-0888 ; 

/Hard 

X Annealed 
/Hard I 

/Hard | 

\ Annealed 

in. 

2*8 

2*76 

2*12 

2^ 

0*662 

on 

18*4 

X8*2 

11*05 

10*76 

28 

16*2 

18*0 

18*8 

10>6 

10*7 

18*1 

14*8 


There is an obrious omission of deoimali in Mr. MaBodk^s vihi«e to 

which has boon corrected abov«» 
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under similar limitations, to a cylindrical tube closed by caps and 
exposed to uniform external pressure The tube exposed to pressure 
would have to be contained in a strong vessel, having a glass roof or 
side* This might present disadvantages, but the test tube itself would 
be loss exposed to temperature changes than in Case (i) and might be 
of a very simple type; so that once the containing vessel was built 
experiments on a variety of materials would be simple. 

Case (iii) is only a special instance of the obvious result that when 
an isotropic solid of any shape, bounded by any number of surfaces, is 
exposed to pressure p, the same at every point of each and all of its 
bounding surfaces, every line in it whose original length is I suffers a 
shortening given by 81/1 = -plZk, 

In Case (iii) any body will serve the purpose, but a long rod would 
be the natural form to adopt. This means a simpler test object than 
in Cases (i) and (li), and there is the further recommendation that the 
mathematical solution is exact right up to the extremities of the 
object The compensating disadvantage is that it requires a very long 
test object, or a very high pressure, to give sufficient extension, unless 
extremely refined methods of measurement exist. In Cases (i) and (ii) 
by using a thin walled tube one has much greater sensitiveness. 

By subjecting a cylindrical tube successively to internal and external 
pressures, and determining values for k by both the methods (i) and (ii), 
interesting infommtion could be obtained as to whether the bulk 
modulus is or is not the same for extension and compression. 
Eemoving the caps, and determining E by simple longitudinal tension, 
one would thus determine fully the elastic properties of the material, 
assuming it isotropic. 

In any case U should be measured from the equilibrium position of 
the test object after it is supported, and if it is hollow and exjx)sed to 
internal fluid pressure after it has been filled with liquid. 

Eesults in some r68{>octs more general than the preceding are 
obtained very simply from the formula which I have given for the 
mean change of length in elastic solids under any given system of 
loading. 

Not confining ourselves to isotropy, suppose first that the material 
is merely symmetrical with respect to three rectangular planes, which 
we may suppose perpendicular to the axes of x, y and z. 

Let £s be Young’s modulus for traction paraiiei to the axis of 
and t} 3 i, that one of the (six) Poisson's ratios which answers to traction 
para^I to z. and contraction (strain) parallel to x. 

g ^ dyjdz repi osent the extensional strain parallel to z. Then 
in a body of any shape exposed to surface forces whose components at 
any point parallel to y, and z are denoted by F, Q, H, the mean 
rzim y ol g throughout the whole volume v is given by 
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EiVS - . (13).* 

Confining ourselvesi to the case where the material is symmetrical, 
about we have 




(14). 


mi = vsi “ m wy. vn ” mi = v' 

Vi8 v \ ®ay, Eif ^ El E' 

Also, writing E for Ea it may be shown that 

rf'*/W = »;/E .*. (15)* 

Suppose, now, the solid to be a hollow right prism exposed to 
uniform tension P over its flat ends, S, and to uniform pressures, pi 
over its inner surface and p, over its outer surface S«, then 

^ ” j ^ I j^’‘ ■*' i + M) • • 0 6). 

where A, p,, v are the direction cosines of the normal drawn fmm the 
solid, and the suffix denotes the surface. 

Taking the origin in one end of the prism, and supposing its length 
I, we have ;? *» 0 over the one flat end and z I over the other; thus 
S denoting the area of one end, 


j] 


P^dS - P/S - Pr, 


where v is the volume of the DUjUerial, 

Over the two prismatic surfaces * 

Aiir-f M + - ir<i, 

where wi and represent the perpendiculars from some internal 
fixed point on the tangent planes to the two surfaces. But obviously 


If 


vidSt* == 2vif 


ff 


w^, ~ 2 v„ 


where Vi and t)« are the volumee included within 8.- and S. respectively. 
Thus (16) gives at once 

•» Pv+2>j {p,Vt -piPt). 

Clearly g » 67/1, where 67 represents the mean change in length of 
all the longitudinal “ fibres ” of which the prism is composed. Thus 


67/7 


V 2ij/p^t~PiPi 

S E 




(17). 


As in the isotropic circular cylinder, there are three priao^al caees t 


(0 P< - 0, P» “pm ... (18), 

63/7 Pi(iHlv)/Sk, .... (19); 


• ' Osttb. Phil. 800 . Tmnt.,’ to). 16, Bqn. (16), p, 617. 
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(ii) pi *» 0, Pi? « (20), 

iljl - -peMvy^h . (21); 

(iii) jSt * - P . (22), 

Sl/l « ^p/Sh . (23), 

Here ^8^^E/(1 - 2 t,) . (24), 

Noticing that vi _ Croas-section within S,* 


V Sectaon of prism wall * 

and similarly for % it is obvious that Cases (i) and (ii) answer 
respectively to umfonn internal and external pr'essures in a hollow 
prism whose ends are covered by caps* 

The above results are true—under the same limitations as for* the 
isotropic cylinder—whatever be the shapes of the prismatic sections, 
and irrespective of whether they l>e similar to one another or not. 
If, however, the prismatic walls be thick, or the contours of the cross 
sections be irregular and dissimilar, there rrmy be, so far as the above 
proof is concerned, considerable differences between the longitudinal 
alteration of different “ fibres,'^ and to obtain a satisfactory observational 
value for 5? might be troublesome. 

In the case of a right circular cylinder whose two surfaces are 
co-axial there cannot, of course, be any buckling, and if the walls are 
thin, SZ will be given satisfactorily by measurement of a single 
generator. 

The elastic modulus kz defined by (24) represents {nmn surface 
pressure 4* reduction in volume), in « unit cube when only the faces 
perpendicular to are under pressure, the remaining four faces being 
unstressed. It is distinct from the true bulk modulus k, answering 
to uniform pressure the same in all directions, which is given by 


1 

k 

1 

1 


W E Er 


(25) , 

(26) * 


or 
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“ On the Colouration of Olass by ITatural Solar and other Radia¬ 
tions/* By Sir WiLtUM CaooKiss, D.8 om F.R.S. Received 
January 17,—Read January 26, 1905. 

It is well known that many samples of colourless glass containing 
thanganeao slowly assume a violet tint when exposed to sunlight. 
This effect is frequently seen in plate-glass windows having a southern 
aspect; watched from year to year they assume a more and more 
pronounced amethystine hue. The introduction of manganese into 
glass is to neutralise the colour caused by the presence of iron. Iron 
gives the glass a greenish tint, and the addition of manganese binoxide 
performs the double object of oxidising the green proto-salt of iron to 
the per-salt, and also of imparting a purple shade which neutralises the 
green-yellow tint of the silicate of peroxide of iron. 

In 1903,1 received from two separate correspondents specimens of 
glass coloured an intense purple. 1 quote the following sentences from 
the covering letters :— 

Mr. A, Sliest Williams writes:— 

‘‘While residing at Uyuni, in Bolivia, last year, at an altitude of nearly 
4000 metros, my attention was called to the fact that all transparent 
white glass wheri thrown out on the ‘Tampa * in a short time assumes 
a violet hue, which becomes more marked with time. I was told that 
all specimens were thus affected, find that when taken to sea level at 
AnbofagasUi they lost their colour. This latter statement I hardly 
believe, as 1 have had some pieces with me now fm low level for nearly 
a year, and they have not lost the colour. 

“ I now notice that all transparent white gloss thrown on rubbish 
heaps, even at low level, assumes this violet colour, though only to a 
slight degree, and I am curious to know the cause, being more interested 
since reading that ra<lium so affects glass. 

“ I may mention that Uyuni is situated on the great central plain of 
Bolivia, which plain has evidently formed the bed of an inland sea or 
lake, for I have found quantities of minute shells there. Not far off to 
the south and south-west are borax fields, and still further west, nitrate. 
To the north-east are the mountains of Pulaoayo and Ottaco {not the 
great Cuzco), and electrical disturbances are of almost daily occurrence, 
I can fully confirm Sir Martin Conway’s description of the battles 
between the mountains, where lateral discharges are plainly visible. I 
am sending you by post a small specimen of the glass.” 

About the same time I received some specimens of purptoodouTCd 
glass from Mr. Thomas Wilson, from Iquique, Chile. In a subsequent 
letter answenng some enquiries, ha sent a further quantity of the oploured 
l^bss, s^ing:— 

You w91 notice a great variety in the depth or degree of 



1905*] &hm % NiJitwral Solar a%d othm iiarfWw)n&. 


52 {> 


•different pieces, which may bo attributable to the varied length of the 
exposure of each to the action of the sun^s rays. It seems to me that 
some of the pieces have Wt somewhat of their depth of colour since I 
picked them up, but this may be an impression only. The two pieces 
fortning together the bottom of a broken tumbler, and which have 
a deeper tint than any of the rest, were found about twenty paces 
apart in an old Oficina that had been uninhabited for 27 years. It is 
impossible to give any idea of the length of exposure of the remaining 
pieces to the sun^s rays, as I have obtained ^eni from all parts of the 
Pampa over an extent of nearly 100 miles. The samples 1 send you 
were originally white glass, and although an abundat\ce of glass of 
various colours is to be found, yet I send you none, as it would not 
be easy to say what the original colours had boon previous to 
exposure.” 

The pieces of glass referred to above are of all depths of tint, from 
deep violet, almost black in thick pieces, to pale amethyst. Analysis 
shows the glass to contain manganese. Heating the glass in a covered 
crucible to its softening point, discharges the colour, leaving the glass 
white and transparent. 

The colouration is not superficial. On immersing a piece of the 
coloured glass in a liquid of about the sfune refractive index as itself, 
the colour is seen to have penetrated throughout the mass. 

At first sight the explanation of this phenomenon would seem to be 
^liat it is produced by the action of light, the intense radiation 
Occasioning a re-arrangement of the oxygen molecules in the glass, the 
ferric salt becoming ferrous, and the manganous salt changing to a 
manganic compound.* The change of colour might then be expected 
to be noticed in any part of the world where broken glass is thrown 
about and the sun’s rays are very intense. In the Transvaal, where 
both these conditions are well fulfilled, I have neither heard of nor 
noticed any such colouration, and it would l>e interesting to hear if 
travellers in other tropical countries have observed any such change of 
colour of glass* 

Probably height above sea level has much to do with the phenomenon. 
At a height of 4000 metres nearly half the atmosphere is beneath one's 
feet, anti that which remains will allow rays of shorter wave-length to 
pass through than the atmosphere at sea level will transmit. 

Por this reason it is not necessary to invoke another mode of 
^{danation that might possibly suggest itself. It now has been well 
established that many natural bodies, water from depths, some 
of earth and rock, air from underground souroes, together with 
acmie minerals, are more or less radio-active. Badium, acting lor a few 

s thk oonAectioa it may b« of interest to reoaU the Csct that in the early days 
^ reeearoh the rays of the speotmm were ealM the 
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days, even through quarts, will produce as intense a colouration in a 
piece of this glass as exposure to the sun on the Pampa has taken 
years to effect. It is hardly conceivable that there can be a special 
radio-activity of the soil in certain parts of Chile and Bolivia sufficiently 
powerful to produce the effect. 

A piece of the coloured glass, bleached by heat, was put close to a quarts 
tube in which about 15 milligrammes of pure radium bromide was sealed 
up. In the course of a few hours a faint amethystine tint could be 
distinguished on the glass, and in a week the tint was equal to the 
deep colour of the unbleached specimen. A duplicate piece of the same 
glass which had been bleached by heat, kept away from radium, 
remained colourless for seven weeks. 

A piece of the deepest purple-coloured glass was put on a sensitive 
photographic film, and kept in the dark in contact with it for 34 days. 
No trace of action could be detected on developing. 

The purple glass which had been bleached by heat and then coloured 
purple again by radium, was put in close contact with a sensitive 6Im 
for 24 hours. On developing, no trace of action could be seen. 

The darkening effect produced by radium on bodies exposed to its • 
emanations is very general Quartz, mica, glass of all kinds, and the 
diamond may be specially mentioned. In a paper recently read before 
the Boyal Society “On the Action of R^ium Emanations on 
Diamond,*'* I showed that the /^-rays (electrons) and y-raya not only 
effected a superficial darkening, converting the surface of the diamcwifl 
into graphite, but the body colour of the stone was changed from pale 
yellowish-brown to bluish-green ; and I suggested the explanation that 
the action might be chemical, the ferric state of the iron being reduced 
to the ferrous state, and the colour thereby changing from yellow to 
blue-green. 

In the year 1855, I tried a series of experiments with a spectrum 
camera furnished with two quartz prisms and a quartz lens, 'with the 
object of ascertaining if the atmosphere exerted any absorptive action 
on the more refrangible rays of light. Photographs of the solar 
spectrum were found to reveal lines of higher md higher refrangibility 
the nearer they were taken to mid-day, and arguing from this I 
concluded that the “noon-di^y spectrum at midsummer ought to contain 
more and higher rays than are possessed by the corresponding spectra 
at any other time of the year.*' The examination of the photogri^ed 
spectra was continued through the summer, photographs Wng taken at 
noon whenever the sun was clear, and I found that “ as the light easne 
less obliquely through the atmosphere, new rays began to be apparent^ 
ttnti) at midsummer, when the sun was on the meridian, I suoceededin 
obtaining evidence oi the existence of rays which tihe most prolbiig^ 
exposure failed to detect at any other time,” 

• ‘Boy. S 00 . FW 0 ./June, ICOi, vol. 74, p. 47. 
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I may perhaps be pardoned for quoting from my paper on the eubject 
the following passage, written 60 years ago 

“ Some curious speculations arise from these facts. Should we be 
able, by working under a vertical sun, and with every advantage of 
cloudless sky, etc., to increase still more the length of our spectrum! 
Can we attain the limit of solar refrangible rays in this direction 1 Or 
is it not more likely that there are emanating from the sun torrents of 
rays which never approach the earth—rays which, beating against the 
upper stratum of the atmosphere, are themselves destroyed, but whose 
vibrative energy is transmitted to us with increased wave-length and 
lowered refrangibility, in the form of heat or light ? ” 

Bnnlight and radium both produce similar effects in these respects. 
Their modes of action are known to be in the main very different; but 
it has been clearly shown that, in general, variation of time being dis¬ 
regarded, what radium is capable of doing in the way of inducing 
chemical change, ionising gases, producing phosphorescence, and 
impressing a photographic plate, sunlight will also effect. 

[March 6.—I am indebted to Professor McLeod f<»r the following 
historical note on the action of light on glass :—“ T. (laflfteld, of Boston, 
U.8., ‘B.A. Report,’ 1872, Sect., pp. 37—38. Bontomps, ‘C.R.’ 69, 
1869, 1076--^1078; ‘Cosmos,’ 6, 1870, 66-~-75. In the ‘C.E., 
Bontemps presented to the Academy the results obtained by Gaffield, 
together with some of his own. He refers to the experiments of 
Faraday, which are described in ‘Quart JL Sci.,’ 19, 1825, 341. 
Faraday describes the change to violet which took place in certain 
glass after nine months’ exposure to sunlight in London, and mentions 
the colour of the window glass in houses in Blackfriars Bridge Road, 
now pulled down, but which I well remember. Bontemps also 
mentions work by Pelouxe in 1867, described in ‘ C.R.’ 64, pp. 63—66, 
in which he attributes the yellow colour, produced in some glass, to 
the formation of sulphides from the sodium sulphate by the action of 
ferrous oxide, an explanation which Bontemps thinks improbable.” 

Professor Judd called attention, when the paper was read, to the deep 
colouratioii of the glass in the old greenhouses at Kew, in the parts 
where it has been exposed to light. Glass coloured green with oxide of 
iron for use in the forcing houses (as proposed by the late Robert Hunt) 
is lotsud by long exposure to sunlight to graduMly lose this colour and 
to become perfectly colourless. Subsequently a purple colour, due to 
smsE admixture of manganese in the original frit, makes its appearance. 
ViaitorB to the various houses in Kew Gardens can easily verify these 
iaets lor thpmselves, as the most varied tints, tram green to colourless 
abd purple^ may he seen in different panes of glass, according to the 
period at which they have been put in during repairs. 

♦ ‘ Joninsl of the Phot«ampMo Sooioty of London,* toI. $, p. 20$. 
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Professor Judd has enabled nie to try the action of radium etuaua- 
tions on specimens of this glass. Fifteen milligrammes of pure radium 
bmniifle sealed in a quarti: tube wore put close to a sample of the 
deepest green glass. In two days appreciable darkening took place, 
and in 10 days the darkening was very marked* 

A similar experiment was tried on a sample of the purple-tinted 
glass ; hero also the action was the same as in the former case, and in 
10 days the darkening was about the same. Allowing for the apparent 
alteration of colour caused by the initial tint of the two pieces of glass, 
I should say the colour produced by radium was similar in each case, 
and was of the same purple colour us that caused by long exposure to 
sunlight.] 


“ On the Comparison of the Platinum Scale of Temperature 
with the Normal Scale at Temperatures between 444*^ and 
— 190® C., with Notes on Constant Temperatures below the^ 
Melting-point of Ice.” By Morris W. Tra.vbes, D.Sc., 
F.R.S., and A. G. G. Gwyeb, B.Sc. Received Jmiuary 11,~ 
Read January 26,1905. 

Introduction .—During the last few years one of m has been engaged 
in researches involving the accurate measurement of low temperatui^. 
The measurements wei e inade by means of gas thermometers, of the 
constant volume type, filled with hydrogen, or with helium, at an 
initial pressure of 1000 mm. As, however, this method proved 
cumbrous and inconvenient, it was decided to standardise a platinuin 
resistance thermometer of the Callendar type against the gas ther¬ 
mometer, and to employ it in future investigations. The comparison ot 
the thermometers between -190" and 444"* C. has been carried out 
with considerable accuracy, and as the range of temperature overlaps 
that investigated by Callendar and Griffiths, and by Harker artd 
Chappuis, we have decided to publish our I'esults, though from our 
own standpoint the work is only considered as preliminary to other 
investigations. 

In expressing our results we have employed Callendar^s notation 
Thus, when Ro is the resistance of a coil of platinum wire at Uie 
melting point of ice, and Um is its resistance at the temperature ol 
saturate steam under absolute standard pressure, which in 'Ae 
laboratory of University College, Bristol, is equivalent tb 759^55 mtA 
of mercury at sero, the value of the coefficient id change of resistanoa, 
a, is given by 


R«k>** Re 
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If the eoU has a resistance II at the platinum temperature 
R - r{^(l+aTV). 

Callendar and Griffiths* have shown that l>otween 0® and 444*55”, 
the boiling point of sulphur on the constant pressure nitrogen scale, 
the difference, A, between the platinum and the gas scales can be 
calculated by means of a parabolic formula, 

where T is the temperature (Centigrade), on the gas scale, and 0 is a 
constant. Callendar has suggested that this principle should form the 
basis of a practical scale o? temperature, and Messrs. Johnson and 
Matthoy have takeii much trouble to prepare pure platinum for the 
purpose. For this material a is about 0*0038S or 0*00390, and the 
value of 3 almit 1 *5, 

Pmnm^ Inveftticfatiom .—Marker and Chappuisf have compared a set of 
j)latinum thermometers, for which the value of a was about 0*003865, 
with the constant volume nitrogen thermometer, and have found that 
the difference between the two scales of temperature can be calculated 
by means of Callendar’s formula, taking for o values between 1*54 and 
1*56. The comparison was carried out over a range of temperature 
between - 23“ C. and 455'" C., and the errors at the higher tempera* 
tures did not oxceetl 0*2”. 

More recently, Marker J has extended this investigation, comparing 
the platinum thermometers with a consiant voluim nitrogou thermometer 
standardised at 0“, IOC, and 444*66“, the latter l>eiug Callendar's value 
for the boiling point of sulphur on the constant p'esmre air scale. The 
obaervationa, therefore, really refer to the constant pressure air scale. 
In this research he employed a resistance thermometer described in the 
British Association Report for 1899 (p. 243), for which the value of 
a is 0*00389. Taking 1*61 for the value of 3, he found that the 
temperatures calculated from observations of the two thermometers 
showed a maximum difference which only exceeded the probable error of 
measurement over the higher part of the range. 

At the end of his paper Barker gives a table of the corresponding 
values of and A, calculated on the basis 8^1*50, between -200” 
and 1,100”. As it is well-known that the formula cannot be applied 
to the calculation of the difference between the two scales at low 
temperatures, this appears to be unnecessary and misleading. 

86vm*al uidependent investigators have compared platinum and gas 
thermometers at low temperatures, but for the reason that they did not 

• * PhU. XraD«./ A, 1891. p. 119. 

t * Phil. Trans.,’ A, 1900, vol. 194, p. 37. 

J *Pluh IW./ A, 1904, yol 208, p. 84S. 
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employ standard platinum, or did not succeed in maintaining sufSciently 
steady temperatures, the results are not strictly comparable with those 
already referred to. The results of Dewar and Jleming, and of Olsaewski 
have been summarised by Callendar they show varying divergences 
from the parabolic formula, depending on the kind of platinum 
employed. Holborn and Wient pompareti the platinum, air, and 
hydrogen scales at temperatures between 300"' and 600’', and again at 

- 78* and at - 190*. They employed a platinum coil enclosed within 
the gas thermometer bulb, so as to minimise the error due to varying 
temperature, They found with platinum for which a was equal to 
0*00378 the parabolic formula gave a very close approximation between 

- 78* and 600*, but showed a deviation of 2*3* at - 190*. We find 
that the deviation becomes marked even al - 78*. 

ApjKiraius Employed ,—The thermometer consisted of a coil of 
platinum wire about 130 cm. long, having a resistance of 7 ohms at 
the ice point. The ends of this wire were fused to leads about 0*3 nun, 
in diameter, and these leads and the ends of the oompensating leads 
were soldered respectively to the ends of four insulated copper wires, 
enclosed in a lead tube. The resistance was measured by means of 
resistances constructed by the Cambridge Scientific Instrument Co., to 
the design of Professor Callendar. The individual resistance coils were 
carefully calibrated by one of us before the experiments were 
commenced. As the coils were of platinum-silver alloy, for whiph the 
temperature ooeflSicient is 0*00024, it was necessary to observe their 
temperature each time an observation was made, and to reduce the 
result to zero. The resistance plugs were cleaned before each experi¬ 
ment, and the zero point on the sliding resistance, which rarely varied 
by more than 0*0001 ohm between individual sets of experiments, or 
by more than 0*0005 ohm in the course of two years, was always 
observed. A home-made galvanometer of the two-coil astatic type was 
employed, and with the highest resistance in the circuit it was possible 
to adjust the slider with an accuracy corresponding to 0*0002 ohm. 
In connection with these instruments the usual arrangement of keys, 
etc., was employed. 

The Fmdaimntal Interval of the Thermatnet^er ,—In determining the ice 
and steam point the platinum coil and leads were enclosed in a glass 
tube containing some paraffin to the height of about 3 cm. above the 
coil. An identical result for the ice point was obtained by protecting 
the thermometer by means of a glass tube with holes in the side of it 
and immersing it PUrectly in melting ice and water. The following ire 
the results of the experiments, which need not be given in detail 


• ‘Phil, Mag.,* Febmafy, 1899. 
t ‘ Wi«t Ann./1896, W, p. 918 1 1901,0, p. m 
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Bate aud place. 

July, 1903, London .. 

October, 1903, London 

July, 1904, Bristol. 

The probiible value of the coefficient is, therefore, about 0’003899. 
It may be pointed out that the maximum variation in the ice point 
would correspond to one unit in the next place of decimals. The 
variations in the experimental values of a are entirely attributable to 
errors in the determination of the steam |)oint. In any case an error 
of one unit in the last place of decimals is insignificant and amounts 
only to an error of;— 

0-005^ at + 33'’ 

0*06 „ - 200" 

Camparism of the Platinum and Hydrogen Thfrrmometers in Liquid 
Air .—The hydrogen thermometer, employed for this purpose, has 
already been described by one of us in conjunction withDi-s. Sen ter and 
Jaquerod.* The method of working with and the degree of accuracy 
of the readings have been discussed in detail, and it is only necessary 
to state that the maximum errors never exceed 0*05" at -190" C. 
At the ice point the pressure of the gas in the thermometer was about 
1000 mm. 

The platinum thermometer was held in a clamp so that the coil 
was almost in contact with the bulb of the platinum thermometer. 
The liquid air surrounding them was contained in a cylindrical silvered 
vacuum-vessel 20 cm. in diameter and 6 cm. deep, which, in the 
second and third set of experiments, was placed inside a somewhat 
larger silvered vacuum-vessel Some liquid air was poured into the 
space between the two vessels, and both the opening of the annular 
space and the mouth of the inner vessel were plugged with sheep's 
wool 

With this arrangement the rate of rise of temperature as the air 
evaporated amount^ to 0*002“ per minute. And under these condi¬ 
tions it can safely be assumed that the temperature of neither ther¬ 
mometers differed from that of the bath by an appreciable amount. 

It is noteworthy that under such conditions liquid air appears to 
evaporate from the surface and does not undergo regular fractiona- 
tiocu 

The foHowing are the resdts of our experiments:— 


lofl point Steam point 
ineftfured. meaeiurea. a. 

Three times Twice 0*0038989 

„ Once 0*0038977 , 

„ Twice 0*0038988 


• ■ PkU. Xnint.,’ A, toL SOO, 1803-#. 
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A, * 7*3322 ohms. a ^ 0*003839* 


Oato, 

R. 

T,. 

T.H. w*Ip. 

- 

A(ob«.), 

aO «1-00). 

June 11, 1908. 

1 *5141 

-203 *63 

-102-72 

10 -84 

10-72 

Jtm« 20, „ . 

1 -6170 

-199-01 

-189 *45 

10-80 

10-42 

Juno 28, „ . 

1*6205 

-208 13 

-192 27 

10 -80 

10 -68 

June 24, „ ... 

1 *6459 

-202 ‘46 

-191 *71 

10 -74 

10 *66 

„ ,, 

1 ‘57l»9 I 

-201 *20 

-190 *02 

10 -64 

10 -60 

Juno 25, „ ... 

1 ‘0267 1 

-199*00 

-189 18 

10*48 

10 -89 

n »» ■*.**^-#*< 

1 *6289 

-199 *64 

-189 *03 

10 *61 

10 *38 

)» .. 

1 *6216 1 

[ 

-208-31 

-192 *48 

10 *88 

10 *72 




..i 

_' 



In this set of experiments the liquid ^ir was coritained in a single 
silvered vacuum vessel. 


B. Ro - 7 -3319 ohms. a - 0-003899. 


Date and time. 

E. 

T/. 

T.H. #calo. 

A. 

aO » 1 - 90 ). 

Not. 8 . 1908 , J 2,00 ji.m. 

1-6901 

- 200-86 

-190 *38 

10 ‘68 

30*60 


„ 12.16 r.if. 

1 -SSKIO 

-- 200 -82 

- 190*29 

10 *68 

10 ‘49 



1-6072 

- 200-26 

-189 -78 

10 *47 

10 *46 


„ 6,00 „ 

1*6128 

- 200-07 1 

- 189-61 

i 10 ‘46 

10*48 

Not. 4 , 

„ 11.00 A.M. 

Vacuum vo«eel wflllcd with liquid air, ! 


„ 12.15 VM. 

1 -6678 

- 198-50 

-188 *14 

10-87 

10*80 

1 . 

„ 2.18 M 

1-6764 

-187 -86 

- 187-61 

10 *26 

10*25 

M 

„ 8.00 „ 

1 *6781 

-197 -77 

- 187-67 

10-20 

10-24 


C. Ro - 733*19. a « 0-003899. 


Bate and time. 

B. 

T/- 

T.H. loale. 

A. 

aO » 1 - 9 ( 9 . 

Not. 11 , 1908 , 2.00 s.u. 

„ „ 8.00 „ 

„ „ 8.66 „ 

,1 ,1 4.60 „ 

1-6364 

1-6487 

1-6688 

1-6668 

-196 -34 

1 - 198*80 

1 - 198*46 
- 198*16 

-168 -84 
- 188*61 
-188 *14 
-187 *86 

10*40 

10*29 

10-82 

10*81 

10*88 

10*88 

10*80 

10*27 


The second and third sets of experiments, in which the rate of 
rise of temperature was exceedingly slow, are probably the most 
accxirate. 

If we calculate the value of A for the Centigrade temperattM -190 
for value of 8 corresponding to 1*90 and 1 *50, we find 


A (T « 190, 3 » 1*90). 10*47* 

A (T « 190, 3 - 1-50).. 8*37* 
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This difference in of the same order as that found hy other investi¬ 
gators. 

C&mparismi of the Thermonutm (if the Tempfrattire of Solid Curhonk 


Acid and AkohoL—A. mixture of solid carbonic acid and ether or 
rectified methylated spirit has frequently ^ 

been employed as a means of maintaining a 
constant temperature. Olszewski states that 
the temperature remairis constjint so long as 
the mixture has the consistency of butter, 
but that as soon as ether apjwars on the 
surface, the tempeiuture l)egins to rise. He 
gives the temperature as 78*2' C. 

Our experiments leiwl to the conclusion 
that to obtain the best results the solid car- 
lK)nie acid should be free from lumps, and 
should be added to the spirit- for there is 
no advantage in using ether—till the mix¬ 
ture has the consistency of a fairly thin 
paste, and can be stirred with a glass rod. 

The stirring should be repeated at short 
intervals. 

At the outset of the experiments we were 
met with the dilSiculty of exposing the plati¬ 
num coil to the action of the mixture, and at 
the same time protecting it from strain 
during the process of stirring. When the 
bare wire was exposed to the mixture, it 
was found that the values of R(, before and 
after an experiment were in every case 
different, and when the coil was enclosed 
in a glass tube with holes in the side of it, 
the circulation of the mixture was obstructed, 
and the results were discordant. The diffi¬ 
culty was at last overcome by surrounding 
the coil with a tube of wure gauze, as is 
shown in fig. 1. The glass and gauze tubes are 
shown in section, the thermometer in plan. 

a, Glass tube passing inside gauze tube 
and connected to vulcanite head h of thermo¬ 
meter. c, Nickel gauze tube made rigid by 
binding it with wire on to the glass tube n, 
and on to thin vulcanite rings dd, which also 
serve to |«‘event the coil and leads from 
touching the gatuse. c, Brass ring and wire 
gratuig soldered to tube. 

V03UOJCIV. 2r 
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Tho gas thermometer was the same as was used in the liquid air 
experiments. As* however, the volume of the bulb was known only 
at 100“, 0“, and “185" C./ the volume at-80 was calculated by 
means of a parabolic formula with two constants. Wo have taken a» 
our values for the volume— 

100“ . 24-332 c.c. 

0“ 24*262 „ 

“ 78" 24-216 „ 

-185“ 24-162 „ 

The arrangement of the thermometers and the vacuum-vessels was 
the same a& in the liquid air experiments, tho only difference in the 
manner of carryitig out l>eing that the bath was stirred at intervals. 
The following are the results :— 


A. 


Ro “ 7 -3319 ohms. 

a = 0-00.3899. 


Bate and time. | R. j 

T,. ! 

T.H. »cale. 

A. 

1 

3t/ 0 time. 

Oct. 22.1903, 

8.66 r.M. 6 0213 

-80*83 

-78-25 

2-58 




4.25 „ 6 -0230 

-80-77 

-78-21 

2 *57 

0-002 

Oct’.’28, 


5.00 „ 5-0242 

-HO-74 

-78 -19 

2-56 

0-001 


10.00 a.m. 5-0276 

-80-62 

— 

— 

0-000 



5.30 p.M. 5 -0448 

-HO 02 

-77-28 

2-79 

0 -001 

Oct. 24, 


10.00 a.m. 6-4386 

-68-41 

-64-40 

2*01 

0-0(H 



10.20 „ 6 '4606 

-66 -82 

-63 -72 

2*10 

0-103 



2.30 P.M, 6 -6961 

-67-23 

-55 -47 

1*76 

0-036 



3.26 „ 6 '9782 

-47-36 

-46-04 

1-31 


! n 

I 


4.15 „ 6 -0160 

-46-06 

— 



B. 


Ro 7-3319 ohms. 

a - 0 -003899. 


Bate and time. B. 

T/. 

T.H. scale. 

4. 

&r/0 time. 

Oct. 27,1908, 

12.20 p.M. 5 0194 

-80-87 

-78-28 

2*69 



tf 

2.20 „ 6 -0223 

-80*80 

-78 -27 

2-63 

0-006 


it 

4,16 „ 5 0248 

-80-73 

-78 TH 

2-65 

0*006 

Oct. 28, 


lO.ai „ 6-0441 

-80-04 

-78 -38 

2*66 

1 

>» 

n 

4.00 „ 6 -0546 

-79-68 

-77-09 

2*69 



Though these results point to the conclusion that a mixture of solid 
carbonic acid and alcohol varies in temperature by less thiin one degree 
over a period of more than 36 hours, it is only during tlie first few 
hours that it remains steady enough for this purpose. Taking the first 
three observations of each set we obtain the result^* 

Mean T>, Moan T.H. »oale. 4. ‘ 0(pftlc.), 

-80-79“ -78*23 2‘56 1*84 

* ‘ Phil. Train./ A, toI. »00, p, 188. 
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Taking the valne for 0 , viz., 1‘90, obtaiiwxl by comparing the thermo¬ 
meters in liquid air, we obtain for A the value 2*64, introducing an 
error of less than O'F, 

Atimfts to Mainfain Cmistant TnnjM^ratmrs helov) thr- Fmting Pmnt of 
JFairr.—We have not succeeded in making compurisdns of our 
thermometers at temperatures other than 78 and the temperature of 
liquid air. The use of liquefied g^lses such as nitrous oxide and 
ethylene in quantities up to 100 c.c. did not give sufficiently constant 
temperatures, and larger quaiitities could not be procured except at a 
prohibitive cost. Attempts were also made to compare the thermo¬ 
meters in l>aths t)f melting solids, such as ethyl acetate, but without 
success. 

(honjmruort of fhr. Thermometnx <d the Tranaifim Point of Sodium 
Sulphate,- RivhiiVih an<l Wells* have .shown that the tivujsition point of 
sodium sulphate decahydrate to the anhydrous salt may bo considered 
as a standard temperature \u thermometry. They meastirod this 
temperature on three Eaudiu thermometers and otj one Tonnolot 
thermometer, and found, as the moan of results which differed among 
themselves by 0*01®, the valne on the normal scale. 

For the purpose of measuring the transition temperature o]x the 
platinum scxile, we prepared some pure sodium sulphate, drital the 
crystals, and ground them to powder. The ])owder was heated in a 
beaker in a water-bath at about 40® C. till the mass became pasty, 
and was then transferred to the vessel .surrounding the thermometer, 
which was enclosed in a tube containing paraffin oil (p. 532). The 
vessel containing the sulphate was a glass cylinder, 8 cm. wi<lc ami 
20 cm. deep, with a round bottom. The cylinder was supported in a largo 
thermostat, and it was found that when the temperature of the latter 
was kept at 32®*6 C. the temperature of the sodium sulphate remained 
quite steady, and was not affected by stirrixig. 


Date. 


E. 

T,. 


a. 

Oct, 12,1904 ....i 

Oot, 18, ..1 

Oot, 26, „ .. .. 1 

7 '8825 

1* 1 

8'2704 

8 -2701 
8-2706 

83 *799 

82 7SH 

83 -805 

32 888 

-0 -416 
-0 *406 
-0*432 


The value of 0 corresponding to the mean value of A is 1-98, and it 
will be ol>8erved that this is identical with that obtained at - 190®, ami 
very close to the value at - 78® C., viz., 1*84. Indeed, it appears that 
a parabolic formula may be applied to the calculation of A between 30* 
- 190® C, with a maximum error, probably not greater than 
*0*2® C. at about - 100® C. This result is mainly dependent on the 

• * S/kit, Phyi. Ohtttiia,' 1806, vol. 26, p. 690 j 1908, vol. 48, p. 466. 

2 R 2 
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accuracy of our determination of the transition point of sodium sulphate 
on the platinum scale and that of Richards and Wells on the hydrogen 
scale. If this result is correct it would appear that since the value 
1*5 for 3 gives for A 0*329 at 32*38'' C., there must be at this tem- 
poiaturo a diflerence of O'CS"* between the constant pressure air scale 
and the constant volume hydrogen scale. 

CornjHirisfm of fht ThenmmvkrH aJ Higher Tern per afmrH. —In order to 
make certain that our ihermonietor behaved normally at higher 
temperatures, we repeated the original ex{)eriment8 of Callenda]* and 
Griffiths, and obtained the same result. 

*rhe Boiling PoM of Naphthnlene^ Benzophenone and Bnlphfv on tJir. 
Vhiiinmi Thermometer apjwiraius employed in these experiments 
was exactly similar to that described by Callendar and Griffiths.* In 
the case of the two organic subsliiinces the top of the glass Meyer tube 
was closed V>y a cork, and a bent glass delivery tube served t,o condense 
the vapour and conduct the liquid into a receiver. The constancy of 
the temjveraturc while the wibstatxce distilled served as an indication 
of its purity. 

'Uhe naphthalene was first crystallised from alisolute alcohol, was 
then distilled, and subsequently redistilled before each experiment. 
The iKjiiJJOphenoue (Kahlbnum) was dissolved in alcohol, water was 
atldod to the hot solution till it appeared cloudy, and then ether was 
added till it again became clear. On sUnding large crysUils 
sojMrated, and these were taken, dried in u desiccator, and distilled. 

In the sulphui* experiments we sometimes employed pure sulphur, 
sometimes crude roll sulphur, without obstM'ving any difference in, the 
result. 

Naphthalene.—Callendar and Griffithst taking 444*55 for the boiling 
point of sulphur on the constant pressure air thermometer, ino^isured the 
boiling point by means of a platinum thermometer, and found the 
value 217*94. Crafts| measured the l>oiling point by means of an 
air thermometer and found 218*06. Recently Jaquerod and Wassmevg 
have determined the vapour pressure on the scale of a constant 
volume thermometer, filled with hydrogen at a pressure of 500 mm. 
at the ice point. Their results for the temperatures corresponding 
to pressure in the neighlmurhood of 760 mm. may be expressed in the 
form 

IV - 217*68" + 0*057 (p~ 760). 


♦ * Phil. A, 1891, p. 119. 

t Aoe. eif. 

J ‘ BuUoliu Sot*. Chiui.* {2], vol. 80, p. 282, 
§ ‘ J. de Clum. Fbyu./ vol. 2, p. 62. 
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Results (a =« 0*003899). 


Date. 

1 . 

1 B,,. 

R. 

T/- 

. 

t^ + a(3- 1-6). 

T(J. and W.). 

■ Nov. 7, 1004.. 

‘ 7 *^325 

13 *4291 

218*20 

216-99 

216 -63 

1 Nov. 11, .. 

i 7 *3322 

, 13*4490 

212*91 i 

217 *64 

217*28 

1 f% >1 • * 

' 7 3322 

13 *4487 

212 *90 ! 

217 -63 

217 *28 


It will appear that our results, calculated on this basis, arc 0’3G 
higher thai» those of daquerod and Wassmer, and 0*10 higher than 
those of Callcfidar and (Griffiths. The agreement with the latter is, 
however, good enough to prove our jjoint. 

Benzophenone.-.Callendar and (triffitha* found the boiling point to 

l:»e 305*8, while daqderod and Wassmer^a result can be expressed in 
the form 

T,, - 305*44 f 0*062 {p - 760). 

The result of the single experiment which wo carried out is as 
follows— 

R,,. H. IV T;, + a( 3.- 1*5). (./.andW.). 

Nov. 18, 1904 7*3322 15*8171 296*73 306*19 305*83 

The result calculated in this manner is again 0*36'’ higher than that 
of Jaquerod and Wasamer, an<l consequently agrees exactly with that 
of Callendar and Griftiths. 

Sulphur.—According to Callendar and Griffiths the boiling point of 
sulphur on the constant pressure air thermometer is given by the 
expression 

T;, - 444*53 + 0*082 (/>- 760). 

Chappuis and Harkcrt find for the boiling point of ru’trogen on the 
constiint volume nitrogen scale the value 445*27“. 


Results (iio - 7*3325, a - 0*003899). 


Datr. 

li. 

T/. 

T(C. ami G.). 

A. 


S«pt. 28. 

10 ‘8788 

. 

421 -08° 

444 *37^ 

23 *29* 

1 *62 

8«pt. 89. 

19*3817 

421 -30 

444*24 

28 *81 

1 *50 

Oct. 4. 

19*8806 1 

421 32 

444 -Wi 

22 -74 

1*49 


19*8766 1 

421 -18 


22 *88 

1-50 


19*3785 

421 -08 

9J 

23*98 

1 *50 

M . 

10*8825 : 

421 -39 ' 


22 *67 1 

1 

1 48 


As the mean of these results we may take- 
Tj,. TCC.unda.). 

421*23*^ 444*14 

• toe, cU. 

f ‘ Brit. Amoc.,* 1899, p. 345. 


a 

1*50 
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or tiikiiig Chnppiu» and Harker’B value for the boiling point, which ia 
0‘7i‘' higher, we obtain for 5 1*54, 

Cmdufiim ,—As might he expected, it is |K>8sible to apply the parabolic 
formula of Callendar and Griffiths to the recalculation of the difiereiices 
between the platinum scale of temperature and the scale of the gas 
thermometer, though the range through which it is applicable, and tho 
value Of the constant 3, precludes tho possibility of employing it except for 
interpolation. A stiiridard scale of temperature, based on Callendar^s- 
three fixed points, using standard wire, and taking 1^5 for the value of 3, 
M'ould obviously load to absurd results at low temperatures ; and the 
converse may be siiid of our own observations. To sum the matter up, 
wo will tabulate the results that have been referred to in this paper. 


Nttlxire of ga«) tlieniiometei-. OWrvtr. 9. 

CouHtant prosiurc air (O ' to 444’) .... Oalleudar aad GriOitlis 1 *60 

Cou8t4iub vo'uuio nitrogcu (•“23'^ to 445*^) CUappuis and Harker 1 *64 

Conetanfc volume nitrogen atundardiiMHl Harker. 1 ‘61—1 '49 

l>y count ant proauur© air at 444"' 

(GOO" to 1000^) 

Conutant volume h>'<lrogen ( — 190’ to Travers and Gwyer 1‘90 

U) 


The Arc Spectrum of Scuudimn aiul its lielatiou to Celefttial 
Simtva .'* By 8ir Nokmxn Lockveu, K.U.B., LL.l)., Sc.l). “ 
^^.R-S.^aiul K E, Baxanuall, A.li.(-.Sc. Received January •ly 
—Head Felnuiiry 9, 1905. 

Very little has been published regarding tho spectrum of this rare 
element, The vccordH of Thalen,* and Exner and Ha»chek,t are tho 
only ones previously given, the former observer confining his atten^ 
tion to the sptirk spectrum, whereas Exner and Haschek have recorded 
the lines under both arc and spark conditions. In the latter lists^ 
however, no lines arc given in tho region less refrangible than 
X 4744*0. Rowland, in hia “ Tables of Solar Wave-lengths,” certainly 
ascribes a small number of solar lines to scandium, but, of course, no 
indkatiou is there given vis to the relation of these lines to. others 
which occur in the scaitdiuin spectrum, either in regard to number or 
intensity. In conneotion with tho work at Kensin^n on stellar and 
other celestial spectra, it has l>een found that in some types of spectra 
scandium is conspicuously represetited by some of its lines, in fact, 

* *0t‘ver»igt af Kungl. Tetensk. Akud. Forhandl./ vol. 38, Ko. 3, p. 13. 

t * Wellt>tiliiug«ii/ra^iieu fUr EpcktmlaualytiBch© Uutersuehungen aof Grand 
dsr HUmvioletten Vunkensp^klnsn und Bogeuspektren der Ekmente,’ Leipxig und 
Wion, Fninx-.Deuticke, 1902. 
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amongst the rarer elements it apparently stands by itself from this 
point of view. This prominence of scandium lines in some stellar 
s|) 0 ctru, and particularly in the chromospheric spectrum > makes it 
doairahlo to give os complete a record of the lines as possible, and also 
to aimlyso them in relation to their appearance or non-appearance in 
extra-teiTcatrial spectra. 

Some time ago Sir \\"illiam Crookes was good enough to send a 
sample of scandium oxalate, and very good photogivapbs of the arc 
sjioctrum have been obtained with a larger Rowland concave grating, 
having u ruled surface of 5| x 2 inches (14| x 5 cm.), and a radius of 
21 feet 6 inches. The scale of the photographs is such that the 
disUnce between K mtuI 1> is 30| inches, or 77 cm. This is equivalent 
to 2*6 tenth-metres |)er millimetre. I'he scandium oxalate was 
admittedly impure, and for the purpostj of eliminating lines due to 
impurities, the spectrum has been directly compared with the sjiectra 
of all the chemical elements available at Kensington, which were 
photographed under identical instrumental ('onditions. The chief 
sources of impurity were found to be cerium, thorium and ytterbium. 
The lines of the first two elements were easily eliminated by com- 
imrisoii with the Kensington photographs of their resjwctive are 
sjiectra. In the case of ytterbium it was a more diflieult matter, as 
this is one of the elements not investigated at Kensington. The 
elimination of its lines has, however, been accomplished as far as 
possible, by fiscertaining whether there were lines in the scandium 
photograph in the position of the stronger lines of ytterbium as 
recorded by Thaleu,* and Exner and Haschek.t If such were fountl 
to l>e the case, and the intensity in the scandium photographs such 
that the line was thought to be due to ytterbium, it was discarded 
from the list of scandium lines. 

The fiducial lines used for the reduction of wave-lengths were the 
H and K lines of calcium (which occur as impurity lines in the 
scandium spectrum), and Itowlamrs solar-scandium lines 3907*62, 
4020*55, 4082*59, 4247*00, 4314*26, 4400*56, 4670*59, 5672*06. Tlie 
coincidence of these liiios was first confirmed by a direct comparison of 
the Kensington photogiaphs of the solar and scandium spectra. In 
addition to the foregoing, well-marked scandium lines were found to be 
exactly coincident with the isolated solar lines 5031*20, 5239*99, 
and iS^T’OS, for which Rowland had given no origin. The solar 
wave-lengths of thc»e were iulopted and used in the reduction of the 
wave-lengths of the remaining lines. 

The table at the end of the paper gives the residuum of lines after 

• *5fv«r8igfc k. Teteask, Akad. Forhaudl.^ (1881). 

f WelMixigen Tah«H«ti fiir Spektmbaalytitche Uniertuch ungen uuf Grand 
der tdtravioletlen Bogentpoktren der Flemento,’ l^etpxlg and Wien, Frau£-0eutioke, 
1901 



540 


Sir N. Lockyer and Mr. F. E. BaxandalL [Jan. 3, 

the elimination of those due to other metals. There can be little 
doubt that the majority of the lines, except, perhaps, some of the very 
lowest intensity, really belortg to scandium. Exner and Haschek’s 
wave-lengths and intensities of the scandium arc lines are given for 
comparison. 

Scntuiium in tJu‘ Sohr SpectriinL 

Rowland, in his “ Tables of Solar Wave-lengths,” ascribes a small 
number of lines to scandium, l»ut a comparison of the Kensington 
photographs of the arc spectrum of this element with the sohir spectrum 
shows that in addition to these there are other solar lines nearly 
certainly duo to the same element. The table gives the solar lines 
which, by a careful comparison of the metallic and solar spectra, have 
been considered to correspond, without any doubt, with scandium 
lines. In addition to these, there is a considerable number which 
agree closely in position with weak solar lines, but of their identity 
there is, perhaps, some doubt. In some cases the solar lines are so 
weak that it is impossible to establish their identity with scandium 
lines by direct comp;irison of the two spectra, the only guide being the 
close agreement in wave-length, and the relative intensity of the 
metallic and solar lines. In other eases it is doubtful whether the 
metallic lines are strong enough to account for the solar lines. In the 
table these lines are denoted by an asterisk, and must be accepted only 
provisionally as “possible” s^iandium-solar lines. 

The following analysis of the scandium lines, with reference to their 
intensities, and their appearance or non-appearance in the solar 
spectrum, will be of interest. 


luten>ii;y 
(So. aro liijow). 

Total number 
of Sc\ lines. 

Number 
undoubtedly 
reprewnttHl 
m solor 
upectnmi. 

Number 
ponwbly repre- 
Neuted in 
solar spectrum. 

Number 
apparently 
absent from 
solar spectrum. 

10 

4 

4 


■ 

0 

3 

.1 


— 

» 

7 1 

e 

1 ^ 


7 

4 ! 

3 1 

1 1 


6 

5 

1 ^ ' 

1 ‘ 

2- 

6 

7 

3 { 

^ i 

mr 

4 

16 

6 

3 

s 

8 

21 

.— : 

1 6 

16 

2 

28 

1 1 


26 

^ 1 

1 

■' i 

i '" ’ 

1 

16 


It will be seen that of the 23 lines of intensity 6 or greater 18 
occur in the soliir spectrum, three others are doubtfully presmit, wbih^ 
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two appear to be lacking. Of the lines l>eIow intensity 6^ the great 
majority are missing from the Fraunhoferic spectrum, 

Scawii^m Liim and the Chromo^plwrie Spettnmi, 

The scandiimi lities which oc<^ur in the chromospheric spectrum, 
though not so numerous as those in the solar sjKJCtrum, are of con¬ 
siderably greater prominence. The strongest lino of scandium at 
k 4247*00 is very well developed in the chromosphere, and is, as far us 
the raeUillic lines are concerned, inferior only to the lines of strontium 
And calcitim. Although all the scandinni lines represented in the 
chromosphere have high intensities in the scandium arc spectrum, 
there are a few others of equal prominence in the metallic spectrum 
which are either lacking or occur only ah quite insignificant lines in the 
chromospheric spectrum. 


Chromospheric Lines probably due either wholly or partially to 
Bcandium. 


Cliremcmplienc lino. 

Hcandiuiii line. 

[ 

X. 

IntcDBity. 


InteuBity. 

Rmarl«. 


Max. lu. 


Arc. 

Max. 10, 

1 Hpai-k. 
Max. to. 


4247*0 

7 

42*17 *0() 

10 

10 

Due solely to deandiurn. 

4814 *0 

2 

4814 -26 

9 

H 


4881'8 

5 

4320 *90 

9 

6 

Probably partially due to 

1 pTi 4821*20. 

4874 -9 

7 

4874 65 

H 

6 

1 Probably jawtially due to 
j pTi 4874*90. 

4899 0 

5-e 

4400*56 

8 

5 

Probably partially due to 
pTi 4»99*94. 

4670-8 

8—4 

4670 *59 

7 

4 

Due solely to scandium. 

6081 '2 

2 

6031 *20 

8 

8 

»» >» 

6M7-6 

6 

6527 *03 

10 

1 

1 

I 7 

This ciiroinospliorio line 

IS broad aud is nrob* 
ably eonipoited of the 
soaiidivuu line and the 
strong Mg spark Una 

K 5628*04. 

j 


iycanditim Lines in iiunrSjfot Spectra. 

Between F andD, the region over which the Kensington observations 
of sun«spot spectra extend, there are nine solar lines which have been 
found to be due to scandiiim, either wholly or partially. W these, five 
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occur iimongst the most widened lines observed during the Uist 24 years. 
Four of them, however, have only been recoided a few times. Tha 
remaining ono> X 5672*047, is a very persistent widened line and is 
nearly always greatly affected. It is, of course, quite possible that 
the solar line in question, although weak, may be a compound one, 
atid that an additioiial chemical element is involved in its formation. 
Nci origin other than scaudiuni has been suggested by Rowland, and 
no alternative origin has been found for it by reference to Kensington 
Hpecti’a of metals. Tt must, therefore, be accepted provisionally aa 
being really due to scandium. 


SmwUum Live^ in Sfdlar Samira, 

It in tinito probable that, as the stronger scandium lines occur in 
the solar sjKJctrum, they also appear in the spectra of stars resembling 
the sun, such as those of the Aldebainan and Arct\xrian types. The 
closeness of the linos in these stars with the di8j>er8ion usually employe<l 
on stellar spectra makes it difficult to establish definitely whether the 
scandium lines am really present. At the next higher stage (Polarian, 
r.rf., y Cygni) those scandium lines previously given as occurring in the 
(^hi’omospheric spectrum—at least, those in the ordinary photographie 
region, say X 3900 to X 4700—occur as well marked linos, as has been 
shown in a previous paper.* 

At the next higher stage Cygnian (a Cygni) the only line which can 
with certainty be ascribe<l to scandium is that at X 4247'00, corre¬ 
sponding to the strongest line of the element. Its stellar intensity, 
has, however, decreased considerably from that of the Polarian stage. 
At the higher stages represented successively by Rigeliau Oriouis), 
Taurmn ({ Tauri), Crucian (y Orionis), and Alnitamian (fOrionia) types 
swindium lines are entirely lacking. 

The photographs of the metallic spectra involved in the discussion 
were taken by Mr. C. P. Butler, A.K.C.Hc. 


* ' Phil. Tol. SOI, p. 205. 
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Arc Lines of Scandium. 


* ^ Doubtfully identical with solar lines. 


Kensington* 

£xuer and HasoUek. 

■ 

Corresponding solar 
lines. 

Rowland’s 
origin 
for solar 
linos. 


lut. 

Max. 10. 

A, 

lut. 

Max. 60. 

A. 

tnt. 

3907 (52 

10 

3907 ‘69 

“~30 

3907 *(i2 

3 

-Fo 

11-94 

10 

12 *03 

30 

11 ‘96 

2 

So 



16 *09 

1 






18 *36 

1 






23 *04 

1 






33 *59t 

6 






52 ‘43 

1 






89*18 

1 




• 96*75 

6 

96*79 

15 

96*08 

(K) 

Sc 

4014*66 

3 

4014 *68 

6 




20*66 

8 

20*60 

20 

4020 *65 

1 

Be 



23 *36 

1 


. 


28*88 

8 

28 *88 

30 

23 *83 

2 

Sc 



31 *61 

2 




34 *35 

2 






36*98 

1 






48*97 

2 






46 (54 

2 






47 *97 


47 *98 

10 

47 *96 

0 

— 



50 *09 

2 






52 *00 

1 




♦ 64*68 

3 

54*71 

10 

64 *71 

00 

Sc 



66 *72 

3 



1 

i 



67 15 

i 2 1 



j 



76 ‘13 

1 2 1 



1 

1 



78 -TO 

i 2 



( 

82*69 

(5 

82 '60 

i 16 

82 *69 

3 

Fe-41e-Ti 



86*16 

i 1 




86*67 

2-^3 

86*80 

3 




87*26 

1 

87 *28 

' 3 




• 94*86 

2—8 

95*03 

1 

94 *85 

0 


4106*02 

2—8 






33*10 

2 

4133 *10 

4 




♦ 40*42 

2—3 

40*42 

■ ^ 

4140 ‘40 

0 

— 

41*78 

1 






62*60 

3 

62 *51 

1 8 




62*86 

1 


! 




63*77 

1 


1 




65 *38 

2—3 

66 *30 

! ^ 




71 *47 

1—2 






71*98 

2—3 

71 *92 

I 2 






4218 *43 

1 






19*90 

j 1 


! 


4224*32 

1 


1 






26*76 

1 






1 32 13 

i 1 





t Ftmibly matlEod in Kensington photograph by K line of Oa. 
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Aro Lines of Scandium— continued. 


Kensington. 

Kxnor and HaschoX. 

Correeponding solar 
lines. 

Kowland's 
origin 
for solar 
lines. 

X. 

Ink. 

Max. 10. 

X. 

Ink. 

Max. 50. 

X. 

Ink. 



42:i8 *88 

2 






37 *96 

1 




4288-25 

2 

38-21 

3 






39 *72 

1 






46*27 

1 




47-00 

10 

47 02 

60 . 

4247'00 

5 

So 



61 *22 

1 






H3 -71 

1 






86*71 

1 




♦ 94 '1)1 

4—5 

94*94 

5 

94.94 

2 

Zr 

4305 sa 

4—6 

4806 '89 

8 

4305-87 

2 

— 

14-25 

9 

14*31 

30 

14*26 

3 

Sc 

20-90 

9 

20*98 

20 

20-91 

3 

So 

25 15 

8 

25 *28 

20 

25*15 

4 

So 

64’74 

3—4 

64'79 

3 

64*78 

1 

— 



58 ‘86 

1 






59 *26 

1 




74 (55 

8 

74 69 

20 

74-68 

3 

So 

H4-99 

4 

84 *98 

3 

84-96 

0 

So 



89*76 

1 




4400 '56 

8 

4400 68 

20 

4400*56 

3 

Sc 

15 '72 

7 

16 *78 

20 

J6-72 

3 

...» 

* ao'82 

1—2 

20*84 

1 

20*83 

00 

— 

• 31 66 

2-3 

31 *62 

2 

31 *63 

0 




4Q42 -74 

1 






44*86 

1 






67 *46 

1 




*4563 *40 

2 

— 


4663 '41 

00 

— 



74 ‘20 

2 






4604*88 

1 




4670 ‘59 

7 

70 *69 

5 

4670 -69 

2 

So 



4709 *63 

1 






29*48 

2 




•4729 '39 

B 

29*40 , 

1 

4729 *38 

0000 

—. 

• 34'81 


34*31 

3 

34*28 

1 

FeP 

37*88 

4 

87*86 

3 




* 41*24 

5 

41 '23 

4 

41*26 

1 

FoP 

# 44*04 

6 

44*01 

6 

44*01 

000 

— 


1 

Kxner and 

Hoschek's 






record at 

ops here. 




4820'52 

2—3 






37-27 

2—8 






4987*29 

2—3 






54*12 

1—2 






80*49 

1 






87*26 

1—8 






92 06 

1-2 




. 


5009*68 

' 2 






81*20 

8 

— 


5081-20 

8 

. 

64*35 

2 






70 *84 

3—4 





■ 
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Konsiugton. 

Exuer and Haaohek. 

CoiT(^sp<mding solar 
lines. 

Rowland's 
origin 
for solar 
lines. 


Int. 

Max. 10. 

A. 

Int. 

Max. 60. 

A. 

Int. 

6075 '85 

1 

1—2 


I 




79-79 

1 






8t-«8 

6 






83 *77 

6 






• 85*64 

4 

— 


5085 *67 

0 

— 

87 *06 

3 






87 *18 

2 






89 *96 

2 






96*81 

2 






99 *28 

8—4 






5101 *21 

2 






04*43 

T 






05 *60 

2—3 






09*09 

1 






10 *85 

<1 






12-87 

1 






16*73 

2 






21 *60 

1 






81 *14 

<1 






47 -08 

2 






48*28 

2 






5289 *99 

6—6 


— 

5239 *99 

1 

— 

68*46 

2—8 






00-05 

1—2 






86*88 

2 






6807*88 

1 






18 *41 ! 

2 ; 






26 *14 1 

2 






28 *06 

1 






49 *82 1 

3 






66 *14 1 

8—4 ! 



j 



68 *69 

2—3 






89*89 

1—2 






92*12 

3 






6478 *66 

2 



1 ! 
1 



82 *18 

4 



I 



• 84*81 

8—4 


— 

' 5484-05 

000 


6614 *40 

4 






• 20*70 

4—6 

— 


1 6520-73 

00 


27 *03 

10 


— 

1 27-03 

3 


91 *44 

2 



1 

t 1 



6658*10 

7 

— 

— 

! 5668 *10 

2 

Y 

68*56 

3—4 

— 

— 

! 58 *66 
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— 

67*40 

8—4 


— 

: 67*37 
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■ 

69*26 
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— 

— 

j 69 *26 1 

1 

— 

72*06 

9 


— 

i 72*06 

0 

Sc 

84*44 

4 

— 

— 

! 84 *42 

1 


• 87*07 

8 

— 


i 87 *06 

000 

_ 

*6700*88 

7 

— 

— 

1 5700*40 

00 


11*98 

6 



1 



17*64 

H 



t 

i 
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“ On the Stellar Line near X 4C86.” By Sir Norman I/)ckyku, 
K.O.E.. LL.1)., Sc.D., F.E.S.. and F. E. Baxanuali,, A.R.C.Sc. 
Received .Tanuary 4,—Read Felmary 9, 1905. 

[l^tATlS 13.] 

In the publication of the results derived from a study of the 
Kensington photographic spectra of the 1898 eclipse, it was stateeP 
that a fairly prominent lino recorded near A 468G, for which no 
terrestnal origin could be found, agreed cloaoly in position with a 
M^ell-marked line of unknown origin in one of the Kensington photo¬ 
graphs of the spectr\un from a helium tube. In the helium photo¬ 
graph the position has been recently found from careful measures 
made on the lines 4120*97, 4388*10, 4713*25, and the line in question, 
and subsequent use of Hartmann’s formula. 

The resulting wave-length of the strange line was 4685*97. Similar 
measurements were made on the eclipse photographs, the fiducial 
lines used being 4508*5 (/> Fo), 4584*0 (i>Fe), and 4713-25 (Ho). The 
result gave 4685*90. 

The two calculated wave-lengths so nearly agree that it is very 
probable the line is of identical origin in tbo two cases. The eclipse 
line is, moreover, of the same nature as the helium eclipse lines, long 
and sharply defined. It would therefore seem that the line is due 
to a gas which is associated in some way with helium. The line, 
however, only appears in one photograph of the helium spectrum, and 
whether this is due to the particuhu* 8^lmple of heliiun used, or to 
some special condition of current which is conducive to the appearance 
of the strange line, it is impossible to say. 

A line near the same position has been recorded by various 
spectroscopists in different celestial spectra. The following table 
contains the available records of the line in question :— 


Spedruin. j 

ObBCFTcr. 

A. 

Bright line fttars... 

Campbell 

4688 

„ ,, .... *4i< «t .... j 

Piokenng 

4688 


MoClean 

4687*8 

Nebulm. 

Campbell 

4687 

Orion ntart.... 

Pickering 

4685*4 

«Orionift . 

LoeVyer 

AWY-O 

Tmpexium eitftr (Bond 628) 

Keeler 

4686*4 

/S Crud«. 

HoClean 

4686*1 

ChTotnoaphore. 

BteiDhed 

4688*7 

*. 

Loekyer 

4687*0 


Froet 

4688*7 


Lord 

4686-3 

n ... 

Humphreya 

4685-4 


Mean A .. 

4«M'4 


• * Phil. a, toL 197, p. 20«, 
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It will be seen that the mean wave-length is in fairly good accord 
with that of the unknown terrestrial line 4686*97. The line, how¬ 
ever, in the nebular and bright-Hne-star spectra is broad and ill-defined, 
and the estimated wave-lengths are probably somewhat uncertain, and 
not to be depended on so much as those obtained from spectra in 
which the line is sharply defined. If in seeking the mean wave-^ 
length these probably lees accurate wave lengths be excluded, the 
result is 4686*9, which is in very close agreement with l^ie position of 
the terrestrial line. 

Rydberg has shown that the stellar line near 4086-~afiBOciHted with 
the new series discovered by Pickering in the spectrum of ( Fuppis— 
is probably the first line of the principal series furnished by hydmgen. 
Hie calculated wave-length value for the line is 4687*88;^ which would 
appear to be about two tenth-metres in error, as the corresponding 
celestial line probably has, as is shown in the present note, a wave-^ 
length near 4686*9. 

In the light of this evidence for the prolmble identity of the 
terrestrial and stellar lines, it seems desirable to institute further 
research on the speetrum of helium under varying dectrical conditions, 
with the object of possibly obtaining the terrestrial equivalents of the 
«o-called new hydrogen series of ( Puppis. 


DESCRIPTION OF PLATE. 

Tbp tihow» a compsriaon of tbs ipeetrum (n*gion 4450 to 4750) of thp 
<‘hroitto«pberej the helium epectnim containitis the line 4086, anti that of 
$ Orionifl (Alnitomian). The identity of po«iti(m of tlm heliunt Hupb, untl 
4f)86, v^itb Uueii in the ohromoephorio and stellar epeetraie clearly altown. 
TJ)e fainter line* in the helium epeotrum are all duo 1o ox3gen. 


* * Aet, Pbye. Jour.,* toI. 6, p. 287. 
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Note on the Spectrum of fi Centauri.” By Sir Noumak 
I x)CKYEK, K.C.B., LL,T)., Sc.I)., F.RS., and F. E. Baxandaix, 
A.RC.Sc. Received Janiiar)' 4,—Read February 9, 1905. 

An investigation of I'ickering’s reproduction of this spectrum^— 
which apparently consists of the spectrum of an Orion star + bright 
hydrogen lines and certain other bright lines of minor intensity— 
suggested that the latter are radiation lines corresponding to some of 
the stronger absorption lines of a Cygni. These a Cygni lines have 
previously been aUribnted to the enhanced lines of certain metals^ 
chiefly Fe, Ti, Cr, Mg, and Si. 

A close investigation has now shown that nearly all the most marked 
bright lines in p Centauri—other than those of hydrogen—occupy 
positions closely corresponding to those of the most conspicuous 
enhanced lines of iron. The wave-lengths of some of the bright 
a Centauri lines are compared with those of the enhanced linos of iron 
and a Cygni lines in the table at the end of this note. The close 
agreement is very noticeable. 

It is worth while, then, to analyse in detail Piokering^s statement in 
his notet on the p Centauri spectnun. He states : ** Lines 4922T and 
5015*8 are bright on the edge of greater wave-length/' The lines 
whose wave-lengths he gives are the helium-Orion absorption lines. 
Ihe only two enhanced iron lines in this region are at kK 4924*11 and 
5018*63, which occupy exactly the positions relatively to the helium 
lines which Pickering notes as Ixjing bright in the p Centauri spectrum 
—that is, they border the helium lines on the edge of greater waA'^e- 
length. 

Again, he says: “ The two most conspicuous (bright lines) are at 
wave-lengths 4232 and 4584 approximately.” Two of the most marked 
lines in the a Cygni spectrum are at XX 4233*25 and 4584*02, and 
these undoubtedly corresj>ond to the two most conspicuous enhance<1 
lines of iron between and Hp. 

Again. “ Line 4387*8 is bright on the edge of shorter wave-length,” 
In a Cygni there is a well-marked line at X 4385*55, which agrees' in 
position with another enhanced iron line. 

Also: A difhise bright band appears on the side of shorter wave¬ 
length of the dark line 4531*4.” There is a distinctive group of a Cygni 
—enhanced iron lines at XX 4508*46, 4615*51, 4520*40,4522*69, which, 
thrown together into an irresolvable group in /ut Centauri, may well 
correspond to the diflTuso line quoted by Pickering. 

Further: “The dark line 4553*4 is superpos^ on a bright band.” 

* * Hstt. Coll. Ob».,' toI, 28, Part 11, Piste 1. 
t ‘ Armiilii Hait. CoU. Ob».,* vol. 28, Part II, p. 178. 
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This bright Imnd nmy very well correspond to the a Cygni enhanced 
iron Ikies 4549*64 and 4566*06 thrown together in the /* Centauri 
spectrum. It is possible, though, that the dark line 4553*4, quoted by 
Pickering, is only the dark interspace between the bright 4549*64 and 
4556*06 lines. 

It may be here remarked that among the brightest lines in the 
spectra of Novas at their initial stages arc lines agreeing in position 
with the most marked a Cygni and enhanced Fo lines, and in this way 
we trace a rcsemblarioc between the minor bright lines of /a Centanri 
and the most conspicuous bright lines—other than those of hydrogen 
—in the early spectra of Novse. 

Linos corresponding to these bright lines in ^ Centanri also occur in 
the spectnim of y CassiopeisB, but they are far less well-defined in the 
case of the latter star. 

The wave-lengths of the fx Centanri lines given in the table were 
reduced, by means of Hartmann’s formula, from measures made on 
Pickering’s reproduction, the fiducial lines used being 4121*0 (He), Hy, 
and H^. 


"'On Europiutu and its Ultra-violet Spectrum.’' By Sir William 
Crookbs, l).Sc.,F,liS. Received January 26,—Read Februarj" 
9, 1905. 

Europium was discovered in 1901 by Demarijay,* accompanying 
samarium, from which he separated it by fractional orystaHisation of 
the double nitrates of magnesium and the earths. Demar^ay considered 
that his new earth was identical with De Boisbaudran’s and 2f, and 
was the same which I had announced in 18S5t as giving an extremely 
sharp red line in the phosphorescent sjjectrum at wave-length 609—an 
earth which in 18891 ^ ^^id was a new one, ami designated by the 
name of I detected the earth during an examination of tiie 
pbosphdresccnt spectra given by some of the fractions of samaria and 
<rf yttria, neither of the earths being pure. 

Europium is the first member of the terbimn group, gaddliuium being 
the second member. On the other side it comes next to samarium, the 
last member of the cerium group. Assuming the oxide of europium 
to be EU 2 Q 3 , the elem^t an atomic weight of 151*8, from the 
analyms its sulphate, fiu 3 (S 04 ) 8 , 8 H 30 « 

* ^ 0ompt«ft B«ndn«,* toli lSfi> p. 148^ a«d * Ohemic^al Ksws,* voL 84, p* 1 
t * mi, Timiif./ Tol, 176, p. 691. 
t ^ Jonrn* Ch«m. Soc„* tol, 66, pp, 260—965. 
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MM. Urbftin and Laconabe* have flharpl^ separated europium from 
samarium in the manner outlined hy them in my note on gadoliniumt 
by fractional oryetallisafcion of the double nitrates of bismuth or 
magnesium with the nitrates of the rare earths. I owe to the 
kindness of M. TTrbain a sufHcient quantity of the oxide of europium 
to enable me to obtain a good series of its photographed spectrum^ a 
copy of which accompanies the present paper. (Not roprotiuced.) 

Exner and Haschek have measured the wave-lengths of the europium 
lines t from material suppUocl hy Demar<jay. A comparison of their 
?lines with mine shows that the material was by no means pure. 

Url>ain*s europia is not quite so free from impurities as his gadoHiiia. 
I have been able to detect in ray photographs the following lines;— 
Gadolinium is represented by very faint lines at 3450*56, 34Hl*9lb 
3585*10, 3646*36, 3664*70, 3656 32, 3664*76, 3697*90, .3699*89, 3743*62, 
3768*52, 3796*58, 3805*70, 3860*83, 3861*16. 4050*08, 4225*33. 
Yttrium is represented by the line at 3774*51, lanthanum by the line 
at 3988*66, and calcium by the two lines at 3933*825 and 3968*625. 

No lines of bismuth or magnesium are to bo seen. 

Most of the lines of impurities are exceedingly faint, showing that 
the impurity is only present in very iniimte proportion. Indeotli I 
have only mentioned them if they correspond with strong lines in tho 
gadolinium or other spectra. Both in the europium and the gadolinium, 
spectrum I have not attempted to give wave-lengths of all tho excessively 
faint lines. If at some future time it becomes of interest or value to 
.ascertain their >vave-lengths, al! the necessary data are present whereby 
they can bo identified. 

• *ComptQfl Rendtts/ vol. J88, pp. 84, 627, 1166} ^Chomiral N«wV vol. 
pp. 63,170, 877. 

t Su^ra^ p. 420. 

% ‘ Wellenlitogen-'rabeUen farSpektmlttnftlytisflifl Unlorsut'hangcn,’ F, Deuticke, 
Xelpsig mud Wien, 1902. 
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“On a Eelatiou between Autumnal Rainfall and the Yield of 
Wlieat of the Following Year.—Preliminary Note.'' By 
W. N, Shaw\ Sc.D., F.II.S,, Secretary of the Meteorological 
Council. Received February 2,—lioad February 2, 1905. 

By autumn, in this note, is to be understood the period from the 
36th to the 48th week, both inclusive, of the year, as represented in the 
Weekly Wmlhm' liepart of the Meteorological (Mce; it covers the 
months of September, October, and November, approximately. The 
rainfall to he referred to is the average amount in inches, for the 
** Principal Wheat Producing Districts,'^ for the period mentioned, in 
successive years. The amounts are taken from the summaries of the 
WeeMy Weather llejmt. 

The yield of wheat is that given for successive years in the annual 
summaries of the Boiud of Agriculture and Fisheries as the average 
yield in bushels per acre for England, since 1884, or more strictly 
since 1885, as that is the first ywu’ for which the figures for England 
are given separately. In 1884 the figure for Great Britain, which 
generally differs but little from that for England, is used. 

These are the only figures in the official publications which are' 
immediately available for the purposes of comparison. The totals of 
rainfall for the 13 weeks have been compiled fiom the weekly amounts, 
otherwise the figures aio takeji as they stand in published retr#s. 
The arc*is referred to are not exactly coterminous, but they are mo!’e 
nearly so than if the rainfall values had been taken for the whole of 
England, or the wheat yield for Great Britain. 

When the autumn rainfall and the yields of wheat for successive 
years from 1884 to 1904, as thus defined, are plotted, the rainfall curve 
being inverted, t.e., rainfall being measured downward on the paper 
while yield is measured upward, there is a very striking similarity 
between the curves, so much so os to suggest that if the scales were 
suitably chosen the two curves would superpose and show geimrid 
consonance, with exceptions, more or less striking, in a few of the years. 
In other words, the yield of wheat in any year seems to depend mainly 
on the abseiice of rainfall in the previous autumn, and but little on any 
other factor. 

The obvious algebraical expression for such a condition as the curves 
represent is a linear equation, and the equation which represents the 
Isolation between yield of wheat for England and the previous sutumu 
rainfall is 

Yield 39*6 bushels per acre -6/4 (previous autumn ratnfaU ill 
inches). 

If we call the yield obtained from the rainfall by this eqimtion 
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‘‘computed yield,” a compariaon with the actual yield for Ae 21 yeara 
ahowu that the computed yield agrees with the actual yield within 
half a buahel in 7 years out of the 21. lii 14 years the agreement 
is within 2 hushels; in the remaining 7 years the dilfereilce between 
computed and actual yield exceeds 2 luishels. The extreme variation 
of yield in the 21 years is 9 bushels, from 26 bushels per acre in 1892 
and two other years, to 35 bushels per acre in 1898. 

Of the 7 years for which the formula gives yields difTeriug from the 
actiml by upwards of 2 Inishels, 1896 is the most conspicuous, its 
actual yield exceeds the computed yield by 4*5 bushels. 

These 7 years all ahow^ anomalous seasons. Taken they 

are 1887, 1888. 1893, 1895, 1896, 1899, and 1903. 

In 1888 and 1903 the crops were washed away by 10 inches of rain 
in the summer; 1893 is the year of phenomenal drought and the 
crop was below the computed figure by 2*5 bushels. The ycal's 1892 
and 1899 are interesting, because though the amounts of rain were 
up to the average, the former had 8 dry weeks and the latter 10 dry 
weeks out of the 13 included in the conventional autumn. They 
were thus dry autumns, the average amount of rtunfall being mjule 
up by a few exceptionally wet weeks. The yields correspond with 
dry autumn values. They are above the average and above the 
computed figures by some 2 or 3 bushels per acre. 

There remain 1895 and 1896. 1895 was the year of remarkably cold 
weather, and in that year the yield fell short, but in the following 
year the deficiency was made up by a yield as much above the com¬ 
puted value as the previous one fell short. It would appear that in 
this instance the productive power not utilised in the year of the great 
cold was not lost but stored. On the other hand, it nnist be remarked 
that 1896 had the Jidvantage of a specially dry winter. 

It appears from these considerations that the dryness of autumn is 
the dominant element in the determination of the yield of wheat 
of the following year. The averages of yield and of rainfall are taken 
over very large areas, and it may lie taken for granted that the 
•dnvestigation of the question for more restricted areas would introduce 
some modification in the numerical coefficients, if not in the form of 
the relation. 

The data for making such an investigation are not yet in an avail¬ 
able form. A comparison has been ma^ between autumnal rainfall 
forEi^land, East” and the average yield for the counties of dam- 
bHdge, Essex, Norfolk and Suffolk, which shows a similar relation 
but a magnified effiect of autumnal rainfall upon the crop, and also 
"two exeepticmal years which have not yet been investigated. 
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“ The Asoe«t of Water in 'J'lBee.” By ALFiiBi:) J, Ewakt, ]>,Sc ^ 
Ph.D., F.L8.» Ltjcturer on Botany in the University of 
Birmingliani. Conninuucated V^y Francis DarWIK, For. 
Sec. E*wS. deceived November 2.’— Kead December 1,1904. 

(Abstract.) 

As the result of a series of experimental observations beanng upon 
this problem, the author has been led to the conclusions stated in brief 
below, 

The 5ow of water through open vessels filled with sap takes place 
iu accordance with Poiseuille*» formula for the flow through rigid 
cylindrical tubes, divergences being due |to the presence of irregular 
internal thickenings in the vessels, and to local constrictions or 
deviations from the circular outline. 

Hence the velocity of flow is directly proportional to the pressure 
and to the square of the radius of the tube, inversely proportional to 
the length of the tube and to the viscosity of the liquid A small 
number of lai'ge vessels, therefore, offer very much loss resistance to 
flow than a large number of narrow ones having the same length, and 
the same total internal area of cross-section. Since viscosity is largely ^ 
dependent uj)on temperature, the latter forms an important factor in 
regulating the flow, the viscosity aud the rosisUince falling with a rise 
of temporatimo. 

With an average rate of flow the total n^istanue due to the viscosity 
of the water flowing through the vessels is always leas, and in climbing 
plants with' large vessels is ctuiaiderably less, that» a head of water 
equal in height to the stem. The adult vessels of actively transpiring 
Angiospermous trees always contain air-bubbles, and these introduce a 
resistance to flow which is inversely proportional to the radius of the 
tul>e, when the air-bubbles and water-columns move together. When 
the air-bubbles are comimratively stationary, as in most vessels, the 
rwistance is still further iucreas^, aud it l)ecom8a very gi'oat when 
the vessels are small and the air-bubbles uiunerous. In intact vessels 
containing air the rates of flow under similar pressures are propor¬ 
tional to H power of the jadins lying l>etwoen I tmd 2, the volumo 
passing to a power of the radius lying between 2 and 4. 

Estimations of the amount of flow, made from the rate of flow and 
the diameters and number of the vessels, showed that the actual flow 
takes place in the wood of Dicotyledons almost entirely through the 
cavities of the vessels and hardly at all through the traoheid^. In 
young stems saturated with water under pressure, a i^neiderable flaw 
takes place through the pith, but practically none in intact tmtispiriug 
stems. 
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In H cut Htem^ apart from the blocking at the cut auiiaces, a gradual 
diminution of conductivity occurs along its entire length after water 
has been passed through for some time. This appears, in part at 
least, to l)e due to the development of micro-organisms in the vessels, 
but may l)e aided by swelling, by lessened permeability, or by other 
. chmiges in their walls. 

The length of the vessels in the wood of the branches eKumiued 
averages from 7 to 36 centimetres, the trachoides of the yew being from 
0*2 to 0*5 of Ji centimetre in length. Since, however, the vessels appear 
mainly to end at the nodes where branches atise, it is possible that 
they may be much longer in the young wood on old bare trunks. The 
i'osisia!ice to transverse tlow thiougli saturated wofxl is 800 to 45,000 
times greater than to longitudinal flow, the resistance to filtration 
under pressure through a single partition wall being from 2 to 10 times 
greater than that to the flow through the entire length of a vessel filled 
with water in the wood of a cral) apple. 

The total lesistance to flow in the erect stems of actively transpiring 
plants appears to correspond to a head of water of from 6 to 33 (shrubs 
and small trees), or horn 5 to 7 (large trees) times the height of the 
plant. Hence in the tallest trees the total pressure required to 
maintain active transpiration may bo equivalent to as much as 
100 atmospheres. 

No leaf could produce or maintain an osmotic suction of this intensity, 
and in the presence of large air-bubbles in the vessels the stress 
transmitted in them from the leaves could never be as great as an 
tUmosphere. Vines* found, for instance, that the suction force of a 
transpiring branch was never greater than two-thirds of an atmosphere. 
The supposition that these forces might summate is entirely erroneous. 
On the contrary, the letives at the base of a tree would puU water 
down from the upper vessels and leaves, instead of up from the roots, 
in tbe absence of any pumping action in the stem, ami of any root- 
pressure. 

If the air-bubbles in the vessels were exceedingly minute, they might 
be under a small positive pressure, while the water outside was under 
u maximal strain of five atmospheres. This would suflic^e to overcome 
the resistance offered during active transpiration by 30 to 80 feet of 
stem, heneo the results obtained by Strasburger with dead stems. The 
mammal osmotic suction exercised by the leaves, as determitied by 
con^ring the osmotic pressures during active transpiratiou of the 
leaves at the top and bottom of an elm 18 metres high, appears to be 
from 2 to 3 atmospheres, and is usually less than this. At the same 
time total resistance to flow in the trunk of this tree would be 
from 10 to 12 atmospheres. 

ft appears, therefore, that to tnainUin flow, a pumping action of 

* * AttasU of Botany/ 1820, tol 10, p. 4»8. 
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some kind or other must be exercised in the wood, for which the 
presence of active living cells is essential In support of this it has 
been shown that the production of wood in a slowly growing tree is 
greater than is necessitated by mechanical requirements* In other 
words, the production of new wood is largely determined by the length 
of time during which the wooft parenchyma can remain active. 

There is no known means by which these cells can directly pump 
water in a dehnite direction, although the existence of a power of 
absorbing and exuding Water under pressure has been empirically 
determined to exist in the living wood of cut branches. It is suggested 
that the wood-parenchyma cells by the excretion and re-absorption of 
dissolved materials may bring into play surface-tension forces within 
the vessels of sufficient aggregate intensity to maintain a steady 
upward flow, and to keep the water of the Jamin^s chains in the 
vessels in a mobile condition Teivdy to flow to wherever suction is 
exercised upon it.* The rapid rates of diffusion required for such 
action do actually exist in the wood-parenchyma cells. 

It appears that the terminal branches of trees at heights of from 
22 to 44 feet above ground exhibit little or no power of bleeding in 
spring. Possibly in such trees the pumping action is only used or 
developed in the wood of the older stems, or is only exercised when trans¬ 
piration is active, and when the wjfter-columns in the vessels attain a 
definite me relatively to the wood-parenchyma cells. The importance of 
the Jamin’s chain in the vessels is that it renders a staircase pumping 
a<;tion possible, and enables the water to be maintained in the vessels 
in a labile condition, ready to flow to any point where moderate suction 
is exercised. This pumping action being difflised and probably 
regulated, need not produce any high pressure of exudation at the 
tenmnal branches of tall trees, which, in fact, appears always to be 
absent at high levels. 

* Sorfsoe-tention aotious woxild he in the abeettoe of str-bubblee 

wherever the wood-pareochyuia cell* oontoiu^l oil or any other eubstanoe non^ 
vnleoihU with wnter, ae they often do. 
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"Further ObservationB on Slip-llands in Mofcallic Fractures.— 
Preliminary Note/' By Waltkr Rosenhain, B.A., 
Conmmnicated by Professor Ewing, F.K.S. Received 
February 9,—Read February 16, 1905, 

[Pl.A'TR 14.] 

The main purpose of the present paper is to descril»e what the author 
believes to bo a novel method of investigating the micro-structure of 
metals, and to give some account of jireliminury results obtained by its 
aid. The method was devised in order to throw further light on the 
true nature of slip^bauds, and the preliminary results relate mainly to 
this question. The investigation desctibed in this paper is thus a 
further development of researches carried out in the first place by 
Professor J. A, Ewing, F.R.S. and the author jointly (** The Crystal¬ 
line Structure of Metals,” Biikerian liccture, 1899),* and subsequently 
by the present author alone (“ The Plastic Yielding of Iron and 
Steel.”)! In the course of correspondence on the latter paper, M. F. 
Osmond drew the attention of the authpr to certain experimental facts 
concerning the behaviour of slip-bands under oblique illumination, which 
had formerly escaped attention. The difficulty met with in convincing 
M. Osmond of what the author lielieves t<» be the true interpretation of 
these phenomena has led him to seek another means of examining the 
character of slip-lmnds, which should not be based upon the interpret^i- 
tion of effects of illumination, 

A direct means of examining the surface configuration of a piece of 
metal upon which slip-lmnds have iKsen produced would l>e presented 
by a transvei'so section of such a Mpeciiuen, provided that the section 
could be producetl with m absolutely sharp edge, and that the 
sectional elevation of the features in question were large enough to lie 
visible under the microscope. The difficulties in the way of obtaining 
a seotion even approximately satisfying the first of these conditions are, 
however, considerable. No useful result can be obtained by cutting 
the specimen through and simply polishing the exposed section. 
It is a well-known fact that the e.xtrenio edges of specimens prepared 
by the usual methods of polishing are always more or less rounded off, 
so that it liecomea impossible to focus upon any definite edge with 
hi^^power lenses; and even apart from this defect, there would be uo 
guarantee that the edge represented a true seotion of the prenarxisting 
surface, sinee the processes of cutting, grinding, and polishing would 
probably fray out the edge and remove some of the weaker oir more 
dUiioate features. In some departments of optics a somewhat similar 

* * PbU. Traiw.; A, 1809, toI. 193, pp. 868 to 376. 
t * Journal of the Iron wjd St^el liuHtato,* 1904, pp. 333 to 390. 
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problem h met with, and i« aatiefactorily overcome by embedding the* 
glnes in pitch, supported by other pieces of glass. 

The author has adopted this principle of supporting the surface, which 
in section Womes the edge, by means of an adherent layer of hard 
iniiterial; but the conditions which such a layer must satisfy for the 
purposes of metallography are very stringent. The adherent layer should 
1 ri of ajjproximately the same hardness as the metal under examinatioiu 
It must adhere to it with extreme closenesB, and with strength enough 
to resist the processes of cutting, grimling, and polishing; there must 
\>e no chemical action on the surface of the metal specimen, and the 
adherent layer must l)e free from giit, which would prevent the 
polishing of the transverse section. Finally, it is desirable that the 
protecting layer should be attached withoiit heating the specimen, as 
even moderate elevations of temperature frequently affect the micro- 
Htructurc of strained metal, l^his last cotidiiiovi eliminates such sulv 
sti'.hccs as pitch or fusible alloys, which were, moreover, foumi uiisatiB** 
factory in other respects also. The difficulty of cutting and polishing 
eliminates the nmiority of cements and plasters. The author wtis there¬ 
fore led to use a deposit of another metal obtained by electrolytic 
me^ins, and this method has prove<l satisfactory. 

The specimens used consisted of strips of the mildest st4»el, such as 
is used for transformer sheet, and after preparation an electro-deposifr 
of copper was applied to them. By first bending the strips into a 
fiat U shape, short portions of their length could be polish^ in tha 
usual manner for microscopic examination; subsequently the stripe 
could be readily strained and oven broken in tension by means of an 
ordinary vice provided with clamping-plates attached to the jaws. 
The slip-bands and other features of the specimens having been 
aatiitfactorily observed, electro-deposition was proceeded with. The 
spechnens could not be immersed directly in the usual acid solution 
of copper sulphate used in copper-plating, as the surface would have 
been attacked and spoilt by the. action of simple substitution; they 
were accordingly first coated with a thin film of copper in a bath of 
copper cyanide under the actiem of a very weak current, and were 
only then removed to the usual bath where deposition could be 
carried on as rapidly as is consistent with the formation of a solid 
and coherent deposit. The copper deposit was generally allowed 
entirely to envelope the strips of iron, and deposition was carried 
on until a thickness of 4 to 5 mm. was reached. TWs occupied from 
8 to U days.^ 

The specimens were then cut across, generally in a direetm roughly 
paraHel to the direction of the original tensile siTuin. In order to 

* olscirodepoiitioii on the majority of the epoeimeiui hers refsired to Vte 
carried out by Mr, S, IfieM, »t tho Northampton Institute, and the aUtlM 

iegreeily indebted io hit skiU and Vtndnew. 
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9b*4ii« a iwitUfactory polish, however, the ordinaiy method of polishing 
with emery papers, followed by rouge, had to be slightly modified; 
not only is it difficult to polish electro doposited copper by means of 
rouge, but it was found that this polishing medium rapidly eroded 
a deep groove between the copper and iron, thus defeating the object 
of tho method. After some trials, a satisfactory polishing medium 
for this a!>d other purposes whore surface erosion is undesirable was 
found in calcined oxide of magnesium. The powder, as purebaseii 
under the description of chemically pure light oxide of magnesia,*^ 
was used by the author withotit further treatment, but still better 
results could no doubt bo obtained by using an elutriated product. 
The magnesia powder is used in much tho same way as rouge; a 
revolving disc of metal is covered with several layers of fine well- 
M'ashed calico, and fed M*ith a thin paste of magnesia arid water; it is, 
however, essential that only distilled water should be used, as the 
magneshi becomes gritty in tho presence of dissolved salts. In any 
case, its iu;e requires some care, as such a magnesia disc, if allowed to 
dry, becomes hard and useless. 

The section, when satisfactorily polished by means of magnesia, is 
not yet ready for detailed examination; even when the grinding on 
emery has been carried so far that very little polishing is required, 
it is found that a considerable amount of metal has been smeared or 
dragged over tho surface, more or less obliterating tho true hoiuidaiy 
line which it is desired to examine. In order U) overeon^e this 
obstacle, it is advisable so to arrange matters that the last rubbing on 
emery pvper shall be done in a direction approximately parallel to 
the boundary of the two metals ; the direction of rubbing during the 
final polishing should then be at right angles to the boundary, and 
the speoitnen should be so held on the revolving disc that the un¬ 
avoidable tendency to drag or smear will be such ns to draw the iron 
over the copper on the side where the boundary is to be examined. 

Fig. 1 illustrates this point on an ^exaggerated scale; the diagram 


Fio. 1. 


Copper 

' 1 

Iron 

_ 

Copper 


inwidttta the face of the section, AB representing the boundary between 
ir^ md copper which gives the sectional view of the previously 
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prepared aurface, while the arrow C indicatee the proper direction of 
rubbing during the final polishing proeesa,* 

The film of metal smeared over the boundary under these eircuin^ 
stances ia extremely thin,t and can be removed by slight etching, 
preferably by means of a reagent which dissolves the iron while 
leaving the copper untouched. Such a reagent is found in a 10-pcr- 
cent solution of picric acid in alcohol, acting for about 30 seconds. 
This treatment leaves a clearly defined boundai'y lino appearing under 
a certain incidence of “vertical ” illumination as a narrow black line, 
and ^ under other illumination being visible merely by the colour- 
contrast between the iron and copper. Even under the highest power 
of the microscope the boundary line can be seen sharply in focus, but 
it then becomes evident that there is always a very slight diifereu<ie 
of level between copper and iron, and that the black line seen at the 
boundary under certain conditions of illumination is the shadow of 
the edge of the copper projected on the iron. As the copper is 
entirely unacted upon by the etching reagent, the edge of the copper 
may be taken as the triie outline of the transverse section of the 
previously prewired surface. 

When a previously polished and etched specimen of iron which has 
had slip-bands developed upon its surface by strain is treated and 
examined in this way, the boundary line shows well-marked steps or 
serrations, readily visible under a magnification of 1000 diameters. 
It was, however, necessary to show that these were really the sections 
of slip-bands, and were not due to any of the other processes gone 
through by the specimen, such as the initial etching of the prepareti 
surface or the electro-deposition itself. For this purpose a series of test 
specimens were prepared and treated in a similar manner. The fiirst 
of these had been polished in the initial stage, but neither etched nor 
strained, and the boundary in the transverse section showed an almost 
unbroken straight line, thus proving that the electro-deposition in no 
way produce^l irregularities on ^the boundary; in fact, the extreme 
closeness of adhesion of the deposit, and the accurate manner in which 
it follows the minutest details of the preiwvretl surface, is a most 
remarkable feature of the whole process. 

It was at first thought that Ae examination of such boundaries 
might throw light on the mode of luihesion of electrolytic deposits, 
btit none of the features olwcrved afford any evidence on that 
question. In a second specimen the initial surface had been pedished 
and etched, but not strained, and here also there was an entire absenoe 

♦ The Kp^kl pr(»oeiM of policing here deeoribed wait worked <»4t in conjanotiea 
with W. Koeenhsin, who imtirely oairied out its appHeaUom 

t Mr, Brilbf bslisves socli surfiso* fihas of mstsl to b« tnu|ipsmi)ii, hot in thk 
pveeeht iastatwe, where one metal was smeared over the other, 

We been easily detected, but no evidence of its eidstenoe wa« faanijL 
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or steps or serrations in the boundary in the transverse section* 
Although the etching had been carried rather far, so thai the ou^iuea 
of the crystals on the initial surface were very well juarkedt the 
differences of level between adjacent crystals, which are brie result 
of etching, were only barely visible on the transverse section. A 
third specimen was polished and strained without any preliminary 
etching, and examination of a transverse tection show^i steps and 
serrations in the boundary line similar to those found on specimens 
which had been etched before beitig strained, but they appeared bo be 
somewhat snudlei' and slightly less well-defined. 

It has thus been shown that these steps or serrations in the ^undary 
line are found in previously strained specimens, whether etched or not, 
but that they are not found in unstrained specimens. The author there 
forefeels justified in concluding that the steps seen in transverse sections 
of strained specimens are the sectional views of slip-himds. Fig, 2 
(Plate 14) is a photomicrograph of an example of these steps, under a 
magnification of 1000 diameters. It will lie seen that the steps, although 
very minute, are perfectly distinctive, and that they could not be mistaken 
for generally rounded foldings of the surface ; they |) 0 S 8 ess, in fact, a 
general geometrical character, which the author regaids as conclusive 
evidence that they are caused by slip on cleavage or gliding planes of 
the crystals, and not by any folding or ommpling of the metal. On 
the other band, these steps as seen in section are so minute that it is 
not very safe to draw conclusions as to the tfetaUi^ of their configura- 
tioD; under the most critical conditions of observation, the upper 
edges of these steps do not appear to be sharply angular, but rather to 
be rounded off slightly, and in some cases they even appear to possess 
a minute crest or ridge. Such a configuration would readijy account 
for of the phenomena pointed out by Oimond, but frhe dimensions 
of these details are so near the limit of resolving power of the JeuscH 
used by the author (Mas 3 mm. apochromat^ oil-immerrion, 1*40 
N.A.) that no great reliance can be placbd upon thbir apparent shape, 
particularly os the tendency of microscopic vision is to obliterate 
minute angles whose dimetisions lie near the limits of resolution. 

Ip general temis, however, there can Iw no doubt that the sectional 
viewa of slip-bands obtained by the author strongly Confirm tl^ theory 
of deformatiou by slip, and in order to emphasise this confirmation the 
diagram, Fig* S, is given for comparison with the photomicrograph, 
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Fig. 2 (Plate 14). (The diagram ig a replica of one originally nsed hy 
Professor Ewing and the present author to illustrate their explanation 
of the character of slip-bands, see paper referred to above.) The 
change of direction of the steps on passing from one crystal to another, 
as indicated on the diagram, is reaclily observed m the actual sections. 

The method above described of stipporting the surface of a metal 
specimen by moans of an electmlytic deposit so as to render possible 
the production of accurate t^ranaverse sections, is capable of application 
to a number of questions. The author is engaged in applying it to one 
of these, viz., the sttidy of fractures produced in various ways. The 
difficulty of obtaining satisfaictory sections of fractures has hitherto stood 
in the way of systematic investigation of the path taken by fractores; 
the photomicrograph. Pig. 4 (Plato 14), shows how the present j^ethod 
overcomes this difficulty; it represents a section through a fibrous ” 
fracture of a piece of very mild steel, under a magnification of 
90 diameters. As compared with the sections of slip-bands, the details 
of such a fracture are very large, but even under the highest magnifi¬ 
cation the shoiqniesa of the bouinhiry is maintained, and it is even 
possible to follow the path of the fracture among the lamollse of the 
pcarlite in this steel. The investigation of flaws, of the edges and 
cuts of cutting tools are further examples of qiiostions which can be^ 
investigated by the aid of the method here descril>ed. 

Specimens of iron and steel for the experiments hero descril>ed have 
been very kindly supplied to the author by Messrs. Joseph Sankey, of 
Bilston, and Messrs. Cammell, Laird and Co., Limited, of Sheffield. The 
cost of some of the apparatus and a portion of the expense of this 
investigation have been defrayed oiit of a grant from the Government 
Grant Committee of the Koyal Society, and the author is also indebted 
in this connection to the Council of the Iron and Steel InatiUite for the 
award of an Andrew Carnegie Research Scholarship. 
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Ionic Sizes in .Relation to the Conductivity of Electrolytes.*’ 
By W. K Bouskieli), M.A., K.C., M.P. Coinmunicated hy 
Profesaor Lakmou, Sec, R.S. Received February 10,—Rend 
March 9, 1905. 

(Abstract.) 

The law of mass aution, which gives us Ostwald’s law for weak 
electrolytes, has not hitherto been harmonized with the empirical data 
for strong electrolytes. But it may Iks reconciled with the coriduetivity 
data for strong electrolytes as well as weak, on the hypothesis that the 
ions of an electrolyte consist of molecular aggregates in combination 
with water, and on this hypothesis gives Van*t Hoffs Law. 

If Stokes’s I'oaultB tis to the motion of a sphere in a viscous fluid bo 
applied to the motion of the ions of a binary electrolyte, it is again 
necessary, in onler to reconcile theory with empirical facts, to make the 
same assumption, and to suppose that the ions are molecular aggregates 
largely composed of water molecules, the size of an ion depending 
upon the amount of water in combination with it, and l^eirtg a function 
of the temperature and concentration. 

Upon this hypothesis the form of the function may ]>e represented, 
within a temperature range of 0" to 36^ C., and a concentration range 
^in the case of KOI) from twice decinormal to infinity as 

rjr ^ (1+AT + BT^) (1+0//-?) 

where k is the hydration,” i.c., the ratio of the molecules of water 
present to the molecules of the solvent, A and B are the rarf.lial 
temperature coefficients, C the radial concentftition coefficient, and T is 
temperature -18*. 

A correction for the coefficient of ionization is thus attained, ^\dTich 
gives the true coefficient of ionization in the case of KOI as 

A 1 1 

“ ” a; 7 i + s-ssA-s’ 

where / is the fluidity of the solution. 

'With this coefficient of ionization Van’t HotTs law, modifio<l 1*y 
autetituting the ** hydration ” of the solute for its concentration, gives 
HU accurate agreement with experimental results to within an error of 
I part in 2000 down to twice decinormal solutions—a grcfiter accuracy 
than has been attained by the best empirical formula hitherto 
proposed. 

^ water entering into combination with the ion is probably 
absttactad from the solvent largely as ” trihydro!” or “hydrol,” according 
ap the temperature of the solution, and enters into oomlnnation with 
into oe dibydnol ” thus causing contraction. 
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Ill the two oases hitherto investigated it is found that the ionic 
volumes calculated from the conductivities on the above hypothesis are 
in agreement with the “ solution volumes ” calculated from the 
densities. This is a striking confirmation of the hypothesis and of the 
soundness of the method adopted. 

The expression which is deduced from the conductivi¬ 

ties as being proportional to the ionic volume changes of KCh applied 
to a consiileration of the density law of KCL 

Hence, one arrives at a rational density law for KCl, which repro’ 
sents the experimental values of the density from 1 to 6 pei' cent, 
accurately to five places of decimals. 

A remarkable difference is manifested in the relation of ionic volume 
to solution volume as between concentration changes and tempere»tnre 
changes. 

For isothermal concentration changes the ionic volume decreases as 
the solution volume increases, that is to say, with increasing water 
combination there is increasing contraction, a result which was to be 
anticipated. But in the ease of temperature changes at constant 
concentration, there is increadm^ water combination with dmmUhmtjf 
contraction—a quite unexpected result. This result is completely 
explained by reference to the variation in the proportions trihydrol 
and dihydrol in the constitution of water with varying temperature. ’ 
Assuming that the attack of the ions upon the trihydrol and dihydrol 
is in proportion to their concentrations at the temperatures considered, 
the volume changes as determined from the conductivities are shown 
to l>e in accord with the volume changes as determined by the 
densities. 

A new variety of viscosity apjuiratus is described, and a series of 
measurements of the viscosities and densities of KCl from 0 to 21 
per cent, are given. 



Th/i Origin and ffrowih of Mipfle^Marh 
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‘‘The Origin and Growth of Bipple-Mark.” By Mrs, Hkhtha 
Ayrton. Communicated by Professor W, E. Ayrton, F.K.S. 
Eeoeived April 21; received in revised form May 26,—Bead 
June 16, 1904. 

(Abstract.) 

The object of the investigation was to determine how ripple-mark 
started in perfectly smooth sand, apart from accidental variations of 
suriace friction ; how the ripples grew; how the amplitude and depth 
of the water affected them ; and whether there was any connection 
between ripple-mark and kindred phenomena, such as the dust figures 
in a Kundt^s tube. 

In the course of the investigation the causes, form, and mode of 
. action of ** ripple vortices ” in the water were determined, and the 
fact that no vortices of this kind can form in a current flowing 
steadily in one direction over an obstacle was demonstrated, both 
theoretically and practically. Also many minor details came to 
light, such as the fact that each ripple is continually travelling, as a 
whole, and why it does so. 

As regards the starting of ripple-mark, it was found that a single 
ridge forms, on perfectly smooth sand, wherever the water happens to 
have the same place of maximum longitudinal velocity during several 
oscillationB. That as soon as this ridge is high enough (less than a 
millimetre is sufiloient), the water, in flowing over it, forms a spiral 
vortex with horizontal axis, which starts a new furrow and ridge in 
4he lec of the first—-on one side during one swing and on the other 
side during the next. That the vortex that forms in the lee of each 
of these two ripples in turn originates a new ripple there, and that 
in this way« fresh ripples are begun with each succeeding swing of the 
water till the whole saiid is ripple-marked. 

It was ribkOWD that the ‘‘ripple vortices” only came into existence 
during the time when the water was rising above the mean level, and 
the causes and manner of formation of the vortices were given. 

It was found that when the place of maximum horizontal velocity 
was eonstant, not merely for several oscillations, but for a considerable 
time, as at the loop, for horisontal motion, of a stationary wave, the 
ridge mmirioned above grew into a ripple-marked heap which was 
hi|^hest it the loop and lowest at the nt^es. By oscillating water in 
the simplest possible way, is., so that it alternately rose and fell at 
due end of the trough while it alternately fell and rose at the other, 
a itatiotiary wave having its length twice the length of the trough 
, Was bhtidned, and in thk case a ripple-marked mound arose Of whkh 
the at the middle of the trou|d^—one loop of the wavo^ant 

9 T 
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the lowest parts were near the ends—the two nodes. Wl»en the 
actionary wave was of the same length as the trough two mounde 
arose, one near each end, and so on. 

It is suggested that the tidal ridges in estuaries and the chains of 
sand banks under the sea are formed in this way, by stationary or 
nearly stationary water waves, and that the Isand dunes of the sea¬ 
shore and of the desert, and the clouds in a ** mackerel sky ” may be 
similarly the products of stationary air waves. 


“ The lidk of Diffusion in the Catalysis of Hydrogen Peroxide by 
Colloidal Platinum.” By George Senteb, Ph.D., B.Sc. 
(Loud.). Lecturer on Chemistry at St. Mary’s Hospital 
Medical School. Communicated by Sir William Kamsav, 
K.C.B., P.E.S. Beoeived March 7,—Bead March 30, 1905. 

According to a theory of reaction-velocities in heterogeneous systems 
recently put forward by Nernst,* * * § the observed veloettiee ere those 
with which diffusion and convection renew the reacting materud at 
the boundary of the two phases, the actual chemical change at the 
boundary being very rapid in comparison, Nemst is of opinion that 
the same considerations apply to the catalytic decomposition of 
hydrogen peroxide by colloidal platinum and similar substances, bat 
has not gone fully into the discussion of this particular okas of 
heterogeneous reactions. 

In a recent paper on the effect of poisons on the eatalyi^ of 
hydrogen peroxide by htemaseit I have discussed the probable 
mechanism of catalysis by colloidal particles, and have arrived at the 
conclusion that the experimental results obtained by Bredig and hie 
pupils and by myself are best accounted for on Nemst's hypothesis. 

In an important paper on this subject, Sand,! starting from certain 
assumptions regar^g the size and nature of the particles in a 
colloidal platinum soluticm, has calculated the minimum value of the 
velocity-constant (which we may call Kp) to be expected on Neruat^a 
hypothesis, and finds that it is at least 16 times as great aa the 
veloeity-eonstant obtained experimentally by Bredig,$ Hence, lie 
concludes that Nernst’s hjrpothesis does not apply to this fiarticidar 
reactjcm; the observed velocity is really that of a chemical action. 

• < gttOadiHft pbydIaU OhemU,' 'roL 47, p. 63, ICO*. 

t * Boy. Boo. Vtocn vol, 74, p. 301,1004. 

J Soo. iPteo./ Toi. 74, p. aee (1006). 

§ Bmdig and Mailer tou BemeCk, * geii. tftr phystksh iRtemie,* t<A 61, fu 
Breland 1C. XMa, *Eeit»iarphydksl. Obeinie^V^ ^ 
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In another part of his paper Sand disciiseos the observation of 
Bredig that the reaction-velocity increases more rapidly than the' 
concentration of the catalysor, and concludes that this can only be 
accounted for by increased convection owing to the brisker evolutiow 
of ojcygen when large amounts of catalysor are present. 

In the present paper it is shown that when Kj,, which is a measure 
of the maximum rate at which hydrogen peroxide can be supplied tO' 
the particles by diffusion, is great in comparison with the observedi 
velocity-constant K, the hydrogen peroxide concentration at the 
surface of the particles will be maintained by diffusion at a Vahie? 
which does not differ appreciably from the average concentration hi 
the solution, so that increased convection will have piactically no 
effect on the observed reaction-velocity. From this it follows that if, 
as Sand maintaiirs, increased convection does modify the reaction- 
velocity considerably, Kp cannot be large in comparison with K, since 
convection can only modify the value of the former constant. 

The question here considered is somewhat mialogous to that of a. 
slow chemical action succeeded by a rapid one. Under such circum¬ 
stances it is the velocity of the slow fiction which is measured, and it ia 
clear that an increase in the rate of the rapid reaction will have no- 
effect on the observed velocity. It ia not a piori evident that the 
same considerations apply to a slow' chemical action, accompanied by 
rapid diffusion, since the constants of the two changes are not directly 
comparable, though both have reference to the rate of transference of 
hydrogen peroxide. 

If Kj) {as defined edme) he n Ht/m as great as the velodiy^ista>'iit Ko 
of the chemical at the surface of ike colloidal particles^ the rjoncenhor 
turn at the bounda/ry will be^ maintamed by diffusion at a value not less (hm 
(ij - l)/ntt of the average concentration in the solution. 

Let K be the observed velocity-constant and I), as defined below, 
have a>alu 0 which does not differ appreciably from the average con¬ 
centration C of hydrogen peroxide in the solution, then we have, for 
the rate of fall of concentration in the main bulk of liquid, 

-dqdt^KD ... (1)* 

Further, let Ko be the velocity-ooustant of the ohemioal action, and 
Or the concentration of peroxide close to the surface of any particle* 

< then, if we assume that the reaction velocity is proportional to CU 
we find for the rate of fall of concentration at the boundary due to 
idiemical action (which is of course equal to the observed rate of fall 
in the main hulk of liquid, since hydrogen peroxide ia only removed at 

-•dCJdt^KdOr .... ( 2 ). 

^ If by dilihsion inwards towards the 
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particles, we 6nd, from Sand’s Equation (19), p. 367, tliat the amount 
removed by each particle in the time dt is 

m^iiThryiP-^Qr)dt . ( 8 ), 

where k is the diffusion coefficient of hydrogen peroxide, r is the 
radius of the particle, and y Il/R - r, where E is at such a distance 
from the pardclo that the concentration there is D, which does not 
differ appreciably from the average concentration in the solution,’’^ The 
amount removed from unit volume containing N particles (where 
4/3trr®N « i;) isN times as great, or 

iirh (D ™ Cr) yr X 3 1 2kvy (D - Cr) /a\ 

" . (4), 

where L « 2^' «= the diameter of a particle. 

Hence K = . (5). 

Turther, since KD «= K<iCri we have 

12Jb7/D-Cr 

If Ko is infinite (Nenist’s hypothesis) Cr » 0, and from Equation (6) ^ 
wo obtain for K, which in this case is Kd, the value 

Ki,-12/by/L«.. (7). 

which Sand shows is at least 16 times as large as the velocity^jonstaat 
determined by Bredig, Hence, if SawTs value for JTj) he accepted, we 
must conclude that Cr is not zero, and that experiment therefore does 
not justify Nemst’s hypothesis. 

From Equations (5) and (7) we can readily find the relation between 
Cr and D. If we deal with the case whore Kp is 16 times as large as 
the observed velocity-constant K, it is obvious that 

1 ^ “ tV» or Cr «» UD. 

In general, if Ko is n times as lazge as K, we have 

c,- llio . (8). 

n 

The my in which the observed velocity of a heterogmeouc dmf^l rea^m 
depends tipmi the rekUive values of the ** difwion ** constant and the ** chmical ” 
velocity constant .—^From Equation (8) we find that if Ki» is grwt in 
comparison with K, the concentration at the surface of the partidest 
with a minimum of stirring, is practically equal to the average oonoen- 
tration in the scdutiom Since K^Cr KD, it follows that in this case 
a SaiKl, iw. p. m 
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the ehemioal velooitj-conatant Kq ie scarcely diffei^nt froffti the 
observed velocity-constant K. 

Just as in the case of successive inter-dependent chemical actions, 
there are, therefore, three cases to distinguiah :— 

(1) If ELo is great iu comparison with Kn (Nernst’s hypothesis), the 
observed reaction-velocity depends only on K|>, it is that with which 
difiiision and convection bring the reacting material to the boundary. 

(2) If Ko and Kp are comparable in value, the observed velocity will 
depend on both, and will, consequently, be modified by alterations in 
either. 

(3) If Ko is small in comparison with Kp, the observed reaction- 
velocity depends only on Ko, and will, consequently, not be affected 
by such changes as stirring may produce in the value of Kj> 

So far as we have gone, it would seem that the platinum catalysis of 
hydrogen peroxide is an example of Case (3). 

The reactim-velocitif increases much more niyidly than the Oatalpor 
comentraMan. —Bredig* has found that, on doubling the amount of his 
oatalysor, the reaction-velocity is trebled instead of merely being 
doubled, as one would expect if the catalysor particles act independently 
of one another, and Sand, apparently with good reason, has suggested 
that this is due to convection currents sot up by the rapid evolution of 
oxygen bubbles in solutions containing large quantities of catalysor. 
This view as to the great effect of convection currents cannot, however, 
be easily reconciled with the conclusion arrived at above, that we are 
dealing with a “ chemical ” reaction-velocity. We have seen that, in 
the case considered, Cr, with a minimum of stirring, is of the 
average concentration in the 6<^iIution. The effect of stirring would be 
to shorten the diffusion-layer, and bring Cr nearer to the average con¬ 
centration ; but it is clear that the greatest possible alteration of the 
reaction-velocity from this cause will only amount to fs value, 
which is quite insufficient to account for Bredig’s results. 

In searching for an explanation of this difficulty, we must first con¬ 
sider what evidence there is for the suggestion that the want of 
proportionality between K and the catalysor concentration is due to 
the disturbing effect of convection currents. If this is not the case—if 
an explknatiou on chemical grounds can be foutid for the deviaticm iu 
question—then we must regard the observed velocity as in all proba¬ 
bility a chemical velocity. If, on the other hand, the want of 
proportionality is due to the efifect of convection in modifying the 
reaction-velocity, it is clear that K» cannot be great in comparison 
with K, and we must search for a possible error in the assumptions 
which have led to this conclusion. ^ 

POH Played by Conmdim Outrenis, —As Sand has pointed out, 
ffiot that K increases more rapidly than the catalysor concentra- 
♦ Brodig and Maibsr von Bsmsok, he. rit, p* SIS. 
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tion can only bo accounted for by aupposing that tb© process taking 
place on the surface of a particle influences that of its neighbours by 
some non-chomical means,” and it is difficult to imagine any other 
way in which this can he .effected than by the production of convec¬ 
tion currents. Band suggests that those currents are sot up in the 
liquid by the bubbles of oxygen evolved, but this cannot l>e regarded 
as a complete explamttion of the observed facts. On this view we 
would expect K to increase with increasing peroxide concentration 
(owing to the more rapid evolution of oxygen), but this is not the 
case. It has been found that K decreases,* though only to a small 
extent, with increased peroxide concentration. Further consideration 
shows, however, that this apparent contradiction can be satisfactorily 
accounted for on the convection hypothesig. 

We must, as a matter of fact, consider three possible ways in which 
K may. be affected by the processes in question :— 

(1) The particles themselves are in Brownian motion;! they are 
continually moving into fresh portions of the solution, and thus tend 
to keep a constant concentration outside the adherent layer through 
which diffusion is tftking place. Further, owing to their motion, they stir 
the liquid as a whole, and thus, with increasing concentration, the 
average thickness of the layers on all the particles would be lessened, so 
that K would increase more rapidly than the catalysor concentration. 

(2) Owing to evolution of bubbles of oxygen in the stronger 
solutions, and consequent stirring of the liquid, the ditifusion path 
would be shortened, and K, as we have already seen, would increase 
more rapidly than the platinum concentration. 

(3) The formation of bubbles on the surfaces of the particles would 
interrupt the diffusion-layer and tend to retard the action. This 
process on one particle would not, however, affect that on another, 
so that, far as ihu efffd alone is concemedy the reaction-velocity 
would be proportional to the platinum concentration. In solutions 
containing the same amount of catalysor and different peroxide con¬ 
centrations, wo would expect this disturbing cause to increase with 
the peroxide concentration, so that the greater velocity to be expected 
from increased stirring might be more than neutralised by the cause 
just mentioned. We have thus a simple explanation of the observed 
fact that K decreases slightly with increase of HaO*. The fact that 
R increases considerably during the action, which has up to the 
present not been satisfactorily accounted for,t is probably due to a 
combination of the two oonvootion effects just discussed. 

* Bredig ftnd Ikeda, loc, p. 4. 

t SantSF,"^^. ci#,, p, XIS. Compare Spring, * Bull. Soi'.'ChioD. Balg./ Tol. Ifi, 

p.ai8,ieoo. 

t Compare Bisdig and Ikeda, Ue. eit,, p. fi; Knglar and * Zeit. Asmvg. 

Obsmie,* irol. 29, p. IS, 1901. 
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In flolutions of hydrogen peroxide so dilute that the oxygen evolved 
would be insufiicieiit to saturate the solution, we would expect K to be 
proportional to the oatalysor concentration, and independent of the 
peroxide concentration. This has not been directly dotormined for 
platinum, but Sand,* by collating results in different parts of Bredig’s 
paper, has shown that in solutions containing very little platinum, K is 
approximately proportional to the platinum concentration. It is 
strictly true of the hsemaso catalysis; t only when the evolved oxygen 
is more than suilioiont to saturate the solution do deviations from the 
simple logarithmic formula api>ear. 

The fact that all the observations in the platinum and hsamaso 
catalysis of hydrogen peroxide are thus satisfactorily accounted for on 
the hypothesis of convection currents, seems a strong argument in 
favour of the view that the latter play a considerable part in the action. 

Possible errors in the. assumptions 'used in calculating jfiTp.—If thp above 
views as to the part played by convection currents are accepted, we 
must investigate the assumptions which have led to the conclusion that 
the value of Kp is great in comparison with that of K. Sand 
amved at this result by substitution of probable minimum values for 
k and v, and a maximum value for L, the diameter of a particle, in 
Equation (5), Kp == 12 kvy/Vi 

There would seem to be at legist throe possible sources of error in 
the calculation of a numerical value for Kp. (1) The value 
(10"'^ cm.^ per sec.) assumed for the coelRcieut of diffixsion of 
hydrogen peroxide, may be too large. (2) The average diameter Ij of 
the particles may be greater than the niaximiAm value assumed by 
Sand (0’5fi). (3) Only part of the platinum surface may be active 

towards hydrogen peroxide; the value taken for -v may thus be too 
large. 

These three possibilities will now be shortly considered:— 

(1) Although the diffusion coefficient of hydrogen peroxide has not 
been determined, there can be very little doubt, from the values obtained 
with substances of similar molecular weight, that the value assumed for 
^ is not too large, so that an error from this cause is very unlikely. 

(2) The size of the particles, —Since, according to Equation (7) Kp varies 

inversely as the square of the diameter of the particles, the velocity 
calculated on Nernst^s hypothesis would correspond with the velocity 
actually observed if the average diameter of the particles be four times 
the maximum value (06/x) assumed by Bredig and Sand. Bredigt 
mentions that his solutions showed no suspended particles when 
examined under a microscope capable of detecting objects of the 
diameter Although it ought to be borne in mind that paxl^icilos 

• Ipe, cit, 

t BenteiTi • Zait. phydl»L Ohsmio,* vol. 44 , 267,1908. 

J ‘ AnorgamaoKs Femento,‘ 1901, p. 81, 
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in motion may not be eo readily detected ais stationary particles/ yet 
the uncertainty from this cause would be least iu the case of large 
partiolds, so that it seems very improbable that particles of the 
diameter /i* could escape detection under the above conditions. 

Ztsigmoudy and Siedentopff have investigated the magnitude of the 
particles in colloidal solutions of gold prepared by reduction; they find 
many particles of the diameter 1/100 /a and others still smaller. Stdckl 
and Yanina^ have independently arrived at the same result. So far as 
I am aware^ colloidal solutions, prepared by Bredig’s method, have not 
been examined by Zsigmondy and Siedentopf s method, but it does not 
seem probable that such solutions would differ markedly, as regards the 
magnitude of the particles, from those prepared by reduction. 

It may, therefore, be concluded that the want of agreement between 
Kd and K cannot be accounted for by too low a value having been 
taken for the magnitude of the particles. 

(3) The mggeded inaciiviiy ofpa/ii of the. phiimm mface hyi/rogen 

peroxide. —Equation (7) has been derived on the assumption that ail 
the particles are active towards hydrogen peroxide. If only some of the 
particles are thus active, the total reacting surfiice, which is proportional 
to V for equal particles, would be diminished, and thus Kx> would attain 
a value more nearly coresponding to K. (It should also be noted that 
V and consequently Kd would be diminished by the process discussed 
under the third heading in the section on coiiveotion, p. 570, but this 
effect would, in any case, be small and would completely disappear for 
solutions in which oxygon is not evolved ui bubbles, so that we cannot 
account in this way for the difference between Kd and K), Nernstg has 
already suggested the possibility that part of the platinum is inactive^ 
and some positive evidence to this effect is to be found in papers by 
Bredig and Fortner|l and by Liebermaun.H The first two investigators 
found that the palladium catalysis of hydrogen peroxide is greatly 
accelerated by previous treatment of the palladium with hydrogen, and 
the same is true, though to a much smaller extent, of the platinum 
catalysis. The latter result has been confirmed by Liebermann. 
Bredig** has also found that platinum which hits been poisoned with CO 
is more active after recovery from the poison than platinum which has 
not been so treated. 

• the limit of vieibility under the micrctcope will probably depend upon the 
number of the psrticlev preient in a given volume, a« well at on the nature and 
magnitude of their motion. 

t * »«t. fttr JKlektiwhomio/ vot. 8, p. 086, im 

j * jKeit. far phytikal. Ohemie/ voi. 80, p. 1899. Compart alto ItOhry de 
Bmyn, * Beoeuil Traraux Chim. Fayt-hati* vol, 19, p. 861,1000. 

S Xoe. p. 66. 

11 * Banehte d. dent. ohem. Get./ vol, 87, p, 806,1904. 

^ * Bertehte A. dent. sham. Get./ vol. 87, p. 1610,1004. . 

** * Anorg. Fermente/p. 79. 
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The cau«e of this iacreased activity mu6t be, for the present, largely 
a mtter of speculation. It may possibly be due to the breaking up d 
aggregates of particles and consequent increase of the rating surfa<)e» 
but a more prol>abIe explanation is that the surfaces are pi^y freed 
from some impurity which prevents action on the peroxide. The 
suggestion may be made that this surface impurity is platinous oxide. 
It has been shown by Mond, Ramsay and Shields,* and by Wdhler,t 
that this oxide results when platinum is heated in air, and, having regard 
to the method of preparation of Bredig^s solutions, it is to be expected 
that the platinum will be partly oxidised. This is supported by the 
observation of Bredig that a trace of his colloidal platinum is dissolved 
by sulphuric acid, Engler and Wdhlert have shown that platinous 
oxide acts much less energetically on hydrogen peroxide than platinum 
itself. 

It seems probable that, as many investigators have su^ested, an 
intermediate oxide of platinum is formed in the platinum catalysis of 
hydrogen peroxide, but most likely a higher oxide, perhaps PtO^, 
which can react rapidly with the peroxide. This wotild correspond 
with Manchot’sg explanation of the great accelerating effect of ferrous 
salts on oxidations as compared with ferric salts. He has shown that 
the action proceeds by intermediate formation of a higher oxide of iron, 
and that the catalytic effect is much lessened when part of the iron has 
changed to the ferric condition. 

Whether this suggestion applies or not, it is clear from what has been 
given above that there is reason for supposing that the entire platinum 
surface is not active under ordinary conditions, and this seems the most 
probable explanation of the difference between as calciUated by 
Sand, and K the observed velocity-constant, 

Bmmmry and Conclusion. 

It has been shown that the deviations from the simple logarithmic 
formula in the catalytic decomposition of hydrogen peroxide by 
colloidal platinum are probably due to disturbances caused by convec¬ 
tion currents. It has further been shown that when the velocity- 
constant calculated on Nernst’s diffusion hypothesis is great compart 
with the chemical velocity-constant, increased convection can produce 
no appreciable effect on the observed reaction-velocity. 

In lie case mider consideration, therefore, since increased convection 
modifies the observed reaction-velocity, there must be some error in the 
assumptions which lead to the conclusion that the diffusion velocity- 

♦ * Zeit. phydkal. Ohemie/ toI. 25, p, 685,1808. 
t * SSrit, Anarg, Chsmie,* voL 36, p, S476 (1908), 

J Anorg. ChwwV vcb 
I ^ Annslsn der vol. 825, p. 98, 1902. 
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constant is great in comparison with the chemical velocity^constatit. 
This error is probably to be found in the assumption that the whole 
surface of the platinum is, under ordinary conditions, active towards 
hydrogen peroxide. 

We are not entitled to assume, from the above considerations, that 
Nernst'e hypothesis is true for the platinum catalysis, but only that the 
diffusion-velocity is not great in comparison with the chemical velocity 
(Cases 1 and 2, p. 569). Other considerations, however, such as 
the small value of the temperature coefhciant, make it probable that 
the above hypothesis does apply to this particular action. Farther 
support for this view may, perhaps, be found in the fact that the 
deviations from the simple logarithmic law in catalysis by platinum 
have their exact analogy in the hsemase catalysis. On the ** ohamicd ** 
velocity hypothesis it would seem rather remarkable that two catalysors 
of so different origin should show exactly similar behaviour, but this 
becomes at once intelligible on Kemst^s h 3 rpothe 8 is, according to 
which the chemical action plays quite a secondary part in the re* 
action-velocities in question. 

In conclusion, I wish to acknowledge my obligations to Professor A. 
W. Porter and Dr. Sand, with whom 1 have had the advantage of 
discussing the subject-matter of the present paper. 
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